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The Very Ingenious 

Charles Du Bois, Efq; 

OF T HE 

City of London. 
SIR, 

APerfon who comes upon the 
Account that I do ; to re^ 
•turn Thanks for Kindneflfes out 
N of the common Road ; to have 
t anfwer'd his Defign the more ef- 
' fe6tualy, fliou d have found fome 
other Way for't than this. A Man 
feems but poorly to exprefs^his 
Sence of Favours that are altc^e- 
ther extraordinary ; when the Me- 

A 1 thod 



Epiftle Dedicatory, 

thod he takes to do it in, has the 
little Chara&er of being a vulgar and 
cufiormry One. Such is a Dedica- 
tion : A Thing written every Day ; 
by every Pen ; and to every Perfon : 
The ftanding Compliment, that 
pafles upon all Occafions ; and that 
which infolvent Debtors (^thofe 
that wou'd be juft) have ever made 
a Trade of Offering, inftead of 
Payment. One therefore that is 
confcious of fo great a Debt fas 
I wou'd be thought to own by this 
Addrefs) muft neceflarily lie un- 
'der a mighty Difad vantage. For 
neither great Obligations on the 
one Hand, nor the Acknowledg- 
ments of a grateful Mind on the 
otfcer, can (by any Painting here) 
ever appear to be 'what they are. 
A Man may defcribe the Favours 

of 
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Epiftle Dedicatory. 

of a generous Friend, and his own 
juft Sence and Relentments of 
them too : But after all ; be they 
ever fo great in themfelves, they 
lefien by corning down into thi« 
Way of Reprejentation. Notwith-* 
(landing this, the Great Law of Gra- 
titude urges rae to obey it : And I 
have concluded, 'tis better to do 
It with feme Difadvantages ; than 
to incur the Guilt of a total Neg- 
ka. Be pleafed then (S i r) to let 
this ftand as the Monument of a 
Gratitude that roo»'(i have been great : 
A fmall and trivial Acknowledg- 
ment I confefs : But yet the gei- 
nuine Produtt of that; which is 
allowy to add a Value to the moft 
defpicable Things : For fuch is a 
fincere good Will. Had there been 
no Reafons on my part ; a(id I hid 
-■■ ' .A3 con- 



Epiftle Dedicatm'y^ 

confider*d only thofe that are to 
be drawn frqfn your felf ; this Book 
had been infcribed to You of courfe. 
Every Subjeft that's fine and cu- 
rious does of Right belong to You : 
But Philofophkal Matters are fecu-, 
liarly Tours. In the Midft of all 
Your weighty Bufineffes, You find 
Time to ronverfe with Nature, to 
fo good Purpofe ; that thofe that 
knbw You fo well, as 'tis my Hap' 
pihefs to do, are fenfible She's 
fond of Your Acquaintance ; and 
•does . by very particular Favours 
Jar'ibe Y<>ii , to' continue it. And 
-tip'' the Liberty I take in aflerting 
Mh^] Trutb.inty give fome Um- 
brage to atFtfr^«e (which at prefent 
ihaJl'lje' Nftiidelefs) yet fo much do 
rl jQan6de Itxithc Protedion of Tnur 
0/b|>*!rj t|j8t I d^te venture to en- 
"/.i .. . flame 
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Epiftle Dedicatory. 

flame the Reckoning : I'll confefs 
the Crime to be voluntary and pre- 
fumptuous, and that I knew before- 
hand, how nice and tender You 
were in this Point. If You (S i r) 
think fit to carry on fuch a Defign, 
as that of hiding Beauties, which 
ought to be expofed to the World : 
You'rauft pardon thofe People that 
aft lb good a Part, as to difcover the 
Contrivance, and fo are free as to 
fay, 'tis the only Peice of Injuftice 
You can be guilty of. Whatever 
Vices, Addreffes of this nature are 
commonly chargeable with ; mine 
to You, has Two Vertues to re- 
commend it, Truth and Inno- 
cence. For 'tis true in the high- 
eft Degree, that You have made 
me Your Debtor ; as You do the 
Reft of Mankind Your Admirers. 
A 4. Nor 
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Mpiftle Dedicatory, 

Nor is it lefs true, that I do with 
tJiie greateft Pleafure fubfcribe my 
-felf, . 

SIR, 

I '■ " 

Tour mji Obliged Friendy 
^d 'Very Humble Servant^ 
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/ . 



■■!■■'■■ n 



THE 



THE 



f 



PREFACE. 



IA^ this littfe Trenllfe I have ettdexveur'AA 
to expUi» that Part of Mr. Newtonfj 
Principia, rvhich is Futtdame^tal to t^ 
p.eB ef the -Diziiae Book ; and particularly to 
the Syflem of the World. And I have all 
along taken Care to render Things fo fir plain 
and eafie^ th'at they may he underjlood by all 
ihofe that will- hejloiv- fame JpfUcation upon 
them, and have a competent Share of the m- 
fejfary Furmtare, namely Algebra and Co- 
nick Seftlons. T« entirely on'ing to thejiu- 
pendiom Genitts and Sagacity of this Jitthory 
[hat TVe have avy fuch Theerems now extant 
in the World^ as thofe which his incomparable 
Book contains. The-DiffiiuUks in the Theo- 
ries of the Heavenly Bodies might have con- 
tinued a lafl I ng Reproach to the Mathematieks 
of our Earth,, if fueh a Mind as his had not 
undertaken to vasquijh and remove thenf. 

The Materia^ls that this Book is'cbmpofed 
jfy are fo ahfolutely^Mr. NewtonV Property^ 
jhat I dare hardly pretend to all any thing 



The P R E F A C E. 

mifK.' The Principles mofi ceruinly are all 

his own : And if I have attempted any where 

to make any Vfes of them, or to draw any 

Confequences from them ; yet the indifpu- 

table Right that he has to the Former, gives 

him a Title to the Latter alfoy where they 

are juft and good. This is certain, that his 

Inventions are nerv and compleat ; and equally 

exclude all the Additions and Claims of thofe 

that come after. But that I may not be ima- 

gi^d to throw my Mijiakes (if I have com- 

mitted any) upon the Great Author y and by 

facing all is hiSj either be thought to refleU 

on him J or to defign to fcreen^ and /belter my 

felf: JVhatfoever is amifs and faulty^ I take 

it entirely upon f^yfelf^ and declare it not to 

be the Effect of the Principles that jhou^d have 

guided me, but of my own Inadvertency toOy 

and not being guided by them. 

And as I ought not to have omitted (or 
faid lefs than) thiSy upon this Head ; Jo the 
ftriBefi "Juftice^ and the Rules of good Man* 
ners, as 1 apprehend the Mattery did both 
oblige me to Jay what Inter eft he had in this 
Book, and how many Ways ^tis his orin : For 
thip there^s no manr^er of Danger in not own- 
ing Mr. NewtonV Theorems ; and his Inven- 
tions y in what Hand foever they arcy will 
ta^ly dijcover and point to their true Author ; 
yet it jeems at leaft handjbme and deftent for. 

a 



The PREFACE. 

n Man to tell the iVorld pl/tiuly whea he taket 
any [itch Liberties. 

As for the Recdftio» tbii Vndertsking it 
like to meet with ;» the World, I have no V/t~ 
edjinefs 'at' all ahouC the Matter. Some People 
cry down all Books of eourfe, that arenottvrit 
hy themfelves, or thofe of their otv» paciion : 
As others do oat of fare Splee!7, heaufe the 
ill~a/itur*d Subjeci woa't jloop to their Vjider- 
jiindings. Some People agurn natHrntly love 
to fi»d Fault ; their Geniiti prompts them to 
fmrle And cenfurey and they ti>ke thefkme Plea- 
fhre Md SMtifasiion ih that, that others do in 
the Viry heji tmploymoits of their tVimds. In * 
Wordy every Man that i»riteSy and every thing 
t^hat^s written, runs the Rifque of a Thoufand 
Cenfnres -. As many at leafl^ as there are Preja- 
iUeesy Humoafs and Fancies to h met mth. The 
Fates of good and bad Books arevery cftenUke 
thofe of good and bad Men in this World: So 
nmcertain andttinfiifedy that the true Characlers 
^ either are often not to be knoivn. In Writifig 
as well as in Manners, hethat does illmayehamt 
to be commended for''ty and he that does well 
without a JHji Recompence, ought to remember 
that mmy agood Thing has been ferv'dfo before. 

If any Perfon thinks this Work wou'd have 

become his own Hand better than mine \ Vll 

eafely yield that Point to him. For tho* a 

great 



The PREFACE. 

^eAt many that wake a Noife and a Buftle^ 
can do little elfe but that : Tet there are feme 
that will hoaft and perform too ; fo unlucky a 
Lodging ^4^'^ their good Qualities gotten. I 
defire only it may be minded^ that mf Defign 
here J is not to entertain thofe that are of an 
advanced Standing in this noble Philojophy^ 
but to introduce thofe that wou^d be acquaint- 
ed mth it, and have as much Mathematicks 
af is necejfary to qualifie them for it. And 
therefore upon fuch an Account a Man is obli- 
ged to defend to a Multitude of little Things, 
that ptherrvife r»oi^d not be necejfary, and may 
feem to take ojf from the Elegancy of what he 
rdoes. '^Twoufd be an eajie Matter^ either by 
omitting at jir/?, or afterwards taking cffj fe^ 
veral ufeful Superfluities brought in far the 
Sake of Beginners^ to make Things of this 
Kjnd appear^ in a more pleafing Prefs^ pveg^ 
to Judges, 

Farther y To render what I have done more 
UniverfaUy ferviceable here at Home, I chofe 
to make it appear in Englifh rather than 
Latin. For if it be grafted that Mr. New- 
ton*^ Dijioveries are but barely ufeful^ there^s 
no Reajon why a Multitude of very capable 
'Minds Jbou^d be debarred from them meerly 
rfifr want of a Language. But if it be grant- 
.ed (as it will be by au that know them^ that 
jhey ar^tbeflnefi Piece f of Human Kjtmbdge 

\^/- in 
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ik the World; then the Reafon p-ows very 
ftrong, rvhj they jbou'd be pi/t in fuch a Lan- 
guage as they underfiand. Jgain^ a Man is 
houftd to believe that the lUuftrious Author 
defign'd^ 7vhat,he iv/a p/eafed to puhlijb^ jhou^d 
he known \ And that not to a few Perjbns only 
reho fortunately had the Advantage of an E- 
ducation ; but to all whom Nutare had qiiali- 
jied with good Reafon, and their o^vn h/da- 
firy mth Skill in Mathematicks. To think 
' lej's thm thii, if to fupPofe him capable of en- 
vying a Fart of Mankind the Kjtowledge of 
hii Dlfcoveries, which rvou'd be no fmall Af- 
front to It Soul much lefs than hii. Non if 
there be any that fhori'd fay ^ ''tit to lejfrn and 
depretiate thef} fublime Pieces of Philofnehy 19 
expefe them to the Vulgar by a Publication 
in Engiifll : That they ought to be entrufhd 
only ffith thofe that have Skill and ''Judgment 
to make a right Vfe of them : And (in a 
Word) that others, by going aivtty with crude 
imperfeB Notions ; rviH do fhemfehes no 
Kjftdnefs, and difparage the Things they talk 
of into the Bargain. 

Thm indeed, I confefs^ do fame People argue 
for keeping the Sacred Books in an unknown 
Tongue : But tve pretend to a Proteflant Li- 
berty^ at leafl with reJpeSl to our Philojhphy, 
And methinks both in the one and the other 
Cafe ; V» unreafondle that thofe that wot^d 
make 
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mdke a good Improvement ; Jbou^d be kept in 
Darkntjs^ for the Sake of them, that wou^d 
abuji their Light. If a curious Treatije 
jboa^d not af^pctr in the vtilgar Tongue of a 
Cofmtrf^ for fear jome Pfople Jbdrid piay the 
Vool with ity and make an impertinent Vfe of 
wku it dffcoirrs : ^Tivi/l be verj hard to find 
wh^t LsftguJige it ought to be printed in. 
Hfor ^tis no unlikely thing that there jbou^d 
U fools of all Amotions and Languages^ and 
*iis loi to One bus Jome of tbeje^ do meet with 
am Author y whidi /oc^w (f them all he chujcs. 
JBfV vawlj fUttcr our felves^ no doubt, to 
think II V hax^e jccurcd a pMe Thing from zfuU 
fosr Vndfr landings ^ bj piOting it into Latin, 
/w iV(t Mght io beUtrce tba$ there are Me-^ 
c/>vfVb ifi J.carmin^^ m ntU m in TraaSj 
jOfA r^t^ i ^f'A^ Ftople that drmlgc ^ith Books, 
MmX 4$ oiipors vitb SpaaUs and Hammers. 
^Vnrrf 5>v.? it aS Men con^d i^a ^kr^in Lao- 
jfj»^/jf ; ^mj ^xvS Sfnie ana this SkiM ire 
^vri yjif^ w F^i^Mjif t^ ijuh dha-^ and 

«'-p?» :<*^7 ja^ A^^jcrr^ smxhiifis^ Vi* nc hasd 

m?i»f /'ffwr.i'ij hf jm,rjKrA'^ Ux thorn ,:^miUier 

F;0r/inrmtmKi. jLm^^'^^imjumiiiBr Jiir^S^^' 
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The PREFACE. 

•^onV Book of Light ani Colours^ where t!j^ 
rich Treafures lie exfos^d alfo in our oxm^ ^ 



And nm 1 have done with that Alatter^ | 
1 fiaS only add as to the Book it [elf , thttK, 
I hope, the Perufal of it will neither he Uft^ 
fleajknt nor unprofitable to the ingenious ive9> \ 
qualified Reader. And Tvhen he comes to per- i 
ceive the 1)je and Advantage of thefe 3 htngs^ | 
and how they tend to lead him into the mofi' I 
profound and pleafmg Speculations of Nature j / 
let him then return his Thanks to (he greaf I 
Genius to rvhom all this is owing ; and ^ i&f 1 
thinks it jit to allow mj Fains any litttg j 
Share of hs Acknowledgment, he'll make mt 1 
his Debtor thereby, arid bind me to farther 
Endeavours for his Service. 

Buttho' I have trefpafi'd upon the Reader's 
Patience thus long, I mujl beg his Pardony 
if I defire the Continuance of it yet a little 
lonser. The Laws deliver d in this Treatife 
relating to the Motions, Forces and Velo- 
cities of Bodies, are but very particular and 
narrow Things^ in rtjpect of that great and 
univerfd Law of the World, that Motioa 
is effential to Matter, The Perfon that ad- 
vances this (andpaffes his Word for the Truth 
on't) is Mr. Toland, who has written a large 
Letter about it, tchch may be feen in hit Book, 
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htitutedy Letters to Serena. Jnd as all 
ihe'greAt Ldws if Nature are capable of ma-^ 
ny excellent and frof table Af plications ; fo 
the Vfes of thu Principle are (if we dare be-^ 
Ueije him) both very mam and very great, 
it^s a Clue^that mil faithfully guide a Man 
thro* Jbme of the moft Perplexed Difficulties 
in Nature^ and enable him to give fuch So- 
lutions^ as cannot be given aiy other Witf. 
Mr. Toland fays as much as this amounts 
to of it ; whiw is the fame Things as if he 
had faid in other Words, That ^ twill conduce 
to the making Philofophv as little myfteri- 
OUs as CHrrftianity itfelf. How little that 
is^ he^ perhaps^ very well knows \ and how lit - 
tie Darknefs this Notion leaves in one parti- 
eular Poh/t in Phyfcks, without any thing ofx ' 
Perhaps, / am fare I do know, for to giV^'H 
clear and fatisfaUory Account of the Vis Mo^ 
trix^;?^//?^ Vis Imprefla; he fays. That the 
Vis Motrix is the general and ejfential ABh 
on of Matter \ and the Wis ImprefTa^A^j?^^ 
ticular Determination of that general A^kif^. 
Now, this mikes all the Myftery of theB^Jt- 
nefs vanifb at once^ and the Philojbph^h need 
torture their Heads about it no tongir. Ift it 
Word^ other People may think as they pleafij 
but Imujl be excufed^ tf I pretend lo blslie'Ve^ 
that Afr. Toland is in Jeff, andi^s 'a. Part. 
'^Tis much more civil to fuppofe this\ i am Jure y 
than to believe him to be in Earnefii For 

when 
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when a Man appears to be warm andferioui 
in the Management of a Suhjeif^ talis a -vafi 
deal upon i/, fpeaks with the Ufi Degree of 
Affurance, ^nd, after all, fys nothing to the 
Purpofe : To fay^ He he/ie^es what he fjySy is 
to gi'ue him the ill Name of a Fool^ and to 
call him fen(lefs and ftupid ; rvhich are Terms 
I wou'd ufe la no Man. Bat to take that 
Part nhicb I do, is at mofi but to make htm 
A little Tricicijhly dijpofed, and to love (jn a. 
merry Way) to put upon Peoples VaderfloKd- 
ings ; which Character^ perhaps, may feem lefs 
dmleajing and difagreeable to Mr. Toland, 
than the former. In Confdence cf this, I en- 
deavour to jt'fiifis tny Stermife by the fol- 
lowing Reafons. 

1. Becaafe he takes particular Care to ufe 
no Argument^ but fuch as he is fare not to 
conclude with : Atid if he does pretend to 
prove his Potnt, 'tis in fuch a Manner as 
can never poJJ^ly per/ivade the Reader to be 
cf his Mind. 

2, IVhen he takts Notice of any thing that 
■ maybe an Objeciion in hts Way, (ie deals mth 

it in a very Genlkman-like Manner ; Joftly 
and tenderly^ without making any rude JjfAult, 
or offering tke le aft i'loUncs to it. 

a z. fit 
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^. He is no Ufs certain to baulk his Red^ 
der^s ExPeSfationy than he is careful to raife 
it : And after he has made very liberal Pro^ 
mifes^ does neither prform them^ nor ask 
Par don for the Omiffion. 

4. He oppofes very groundUfs precarious 

Notions to Truths that are fujSiciently prove d^ 

and lays his own Opinions without any Rea^ 

JonSy in the Ba/lance with Truths that are 

capable of Demonftration. 

.And when a Man does fuch Things as 
thefej ^tis not unreafonable to fufpeB^ that he 
is either in ^ejl^ or out of his Wits : But the 
frjl Suppojition is the more good-^natur^d and 
gentile of the TwOy and therefore I rather make 
that than the other. 

Let us now briefly attempt the Jufiipcation 
cf thefe R eafons alledged. And in order to the 
jirHy we may obferve^ that this Gentleman 
expreffes his Mind about Motion^s being ef 
fential to Matter with the utmofi Plainnefs 
and Perfpicuity ; fo that ^tis impoj^le to doubt 
of or mifiake his true Meaning. : I hold^ 
(fajSy he Pag. 1 59.) that Motion k effential 
to Matter ; that is to fay, as iofeparable 
from its Nature as Impenetrability or Ex- 
ten fion, and that it ought to make a 

Part 
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Sirt of its Dcfininon. y/ao! fTag. i6i.) 
^y only Bufineis is to prove Matter necef- 
Tily aftive, as well as extended. J/idj 
^^mle m morr^ he tells ta fPag. i6%,) Ht 

'mainrains, that Matter can be' no more' 
conceiv'd without Motion, than witliout 
Extenfion, and that the one is as infe- 
parable from it as the other. Wp/p, after 
hehAs (in Letter V.) J^ent fe-verai Pagis in 
iifioNrfi/tg apoa the mcertain sfsd chittTge-ihie 

IStale of •Waller [■vcrj where in the Vmi/erfe ; 
"S&eiv/w^, that the Parti o^ it undergo aThou- 
ikud t''ieiffil'fAes mi Alteration:^ and this 
w Bodies of dH forms -and Textures, even 

\ ^r}fe which ire fuf^ci the li-afl liable to fuch 

^' Changes. H.wi>7g done this y he tomes to gj- 
thef ftp nil into it Contlajion, xnd infers after 
this manner (Pag. loa.") I think, after 
all that has been lakl^ I maynow venture 

I ko conclude, that Action is eltential to Mat- 

B*c-er ; fince it murt be the real Subieft of 

all thbfe Modifications, whtcli are calfd 

Local Motions^ Changes, Differences or 

-Diverfities: And principally, becaufe ab- 

l^folute Rcpofe (on which the InatHvity or 
tt-umpifbners of Matter was bnilc/ is en- 

^'ttkely^deftroy'd, and jirov'd no where to 

•exifti hloip -all thifis fo ferfcii) Foreign lo 

JWr.ToIand'j Pt/rpofe, that oat ofXoooPeofU 

m_ that jhou'd grant him the Truthofhis Premtfes, 

^^^99 at lea(i woti'd deny that his Comlafon 

B 
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foUorxPJi from it. Grant that the Parts cf 
Matter every where throughout the Vniverji 
'tho^ his Proofs do not fret end to reach Jq 
ar) were in this State of continual Flux and 
Change. Grant that they undergo all the Re^ 
Tnoves and Shift ings of Place and Form that 
hefpeaks of and Jen Thoufand more. Let i$ 
be taken as a Truth j that there is no ahfolute 
Repofe^ but Motion in all Syjtems of Matter, 
both greater and lefs: And after aB^ ^ fay^ 
Quicf CoUicis inde? fVill it foBow^ that this 
AHion is of the Ejfence of Matter^ and thai 
Matter carPt he Matter without itf By no 
Means in the World. Mr. Toland can^t but 
know J that ^tis no good Arguing to fay^ this 
Thing is fo in FaH^ therefore '^tis naturally^ 
necejfarilyj ejfentially Jby and imfoffible to be 
otherwiji. I find this Thing may be fredicaSei 
of this Subjeii^ and therefore the Subje^ 
can^t exijfy can^t be defn^d, can^t be conceived 
of without it. If this were allowable y a Mam 
might infer a Multitude of Things that are 
notorioujly falfe and ahfurd^ and which oB. 
Mankind will grant to be foy at the firfl; Hemr^ 
ing. And therefore 1 woifd hope I need nH 
quefiion but he was aware of it, and took this 
Method of proving only to fbew^ thatj howevtr 
he was pleAjed to banter^ he did not believe 
what he/aid to be true. 

Im 
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In the next Place, as to his Way oftrest-? 
ing Ohjeciiofis, we jball fnd him e'ver curioufy 
'^ejerving the Motions of a Difficulty torvards 
Wot, and by prudent and well csntriv'd Steps 
W. getting out of the Reach oh*t. For In/lance^ 
The Bufmejs of the different Specif ck Gravi- 
ties of Bodies equal in Bulk, being urged to 
prove a Vacuum, from whence the Inaaivity 
of Matter rvou'd be fairly inferr'^d. Mr. To- 
land takes Notice of it (Pag. 183.) and as 
it deferves a. Reply, fo he befiows an Jnfwer 
of Two whole Pages upon it. He returns. 
That a Man that urges this, muft fup- 
pofe Levity and Gravity not to be meer 
Relations i the Comparifons of certain Si- 
tuations and external yrefTures : But that 
they are real Beings, and abfolute inhe- 
rent Qualities, which is now by every 
Body exploded, and contrary to the Rules 
^f Mechanicks. Here »on> it the Solutions : 
L . jro7» whence he diverges immediately ds far as 
the original Chaos it felf, where he fays^ 

.That there cou'd be no Gravity or Levi- 
ty ■, and^ That thefe Qualities wholly de- 
pend on the Conllitution and Fabrick of 
the Univerfe. Js for the Chzos it felf h? 
affirms^ The Notion of it is as confufed 
and monltrous, as the Import of the 
Name ; and built ia every Step on Sup- 
. jjofitions that are not only arbitrary, but 

►utterly felfe andchimwical. Not that h^ 
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trou'^d be thau^ht to ajfront Mpfcs, or dero^^te 
any thing from the Scripture, which ffe^s of 
A Chaos exfre(ly ; but only coming thus far^ 
to be at the greater Difiance from a Vacuum ; 
he added this by rvay of Ecucidatton and En- 
largement. Now J had he had any real Spite 
at the Argument, he wou'^d not have gone to 
telling a 'I ale of this^ and thai, and the other 
Thing that a Man muji fupfofe that urged it ; 
for that'^s ?neer Trifling : But prefently endea^ 
njour'^d to have fhewn^ horv this Facf^ which is 
-plain and undeniable^ viz. That Bodies of e- 
qual Magnitude have different Specifick Gra^ 
vitits ; how this^ I fay^ either had not been 
fufficient to infer a Vacuity ; or elfe how his 
DoStrine of the EfTential Activity of Mat- 
ter might ndtwithjlanaing have been main^ 
tain^d. This had been f4tr and clofe to the 
Purpofe^ whereas what he do^sis very remote 
and far from it. ^Tis not a Jot to the Mat- 
ter in Hand (as to the main Refult) what 
Gravity is^ or what it depends upon ; if it 
be true and certain in Nature and in FaEt^ 
that Bodies of equal Bulk are thus unequally 
heavy. For this will manifefily infer^ that 
the Quantity of Matter in the One cannot be 
fo great as that in the Other ; neither is the 
Confequence to be avoided^ but by running 
ffvayfrom% as he does. ' ■ 
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H Again ; As to the old Argument for V.i- 
I fuity^ that mthout this a Body mov'd by &m- 
I ther- tpou'djind no Flace nor Room to betake 
I it felf into. To this he arifvers (with his 
m wonted Moderation towards all Ohjecfions -,) 
■ , VovyoUy (fays he to the Of pom/jt, Pag.iyS.J 
1. to fpeak in this Manner, is not only to 
W have the fame grols Conceptions with 
your Farmei-s, but alfo to fuppofe the 
Points B and C, and all, or molt of the 
Points about them, to be really fix'd and 
in abfolute Rcpofe. But then the main Spi- 
rit of the Anftver is behind ; for he tells hit^. 
That if he fucceeds m proving /Ae natural, ef- 
fential, intrinfick and neceffary Motion of < 
Matter^ then all thoje DiMcidties rvillvanifij^ ■' 
and appear to be nothing, fi^hich is as mucif 
its to fay ^ He'll let the Argument alone for th^ 
time, but the next time he takes it m hand 
he intends it JbaH not come off" upon Jo eaffe ' 
Terms. So that he f-iirly difcharges it far 
the prefeut, and bids if expect the Rejult ef 
h^ haying frov'd Motion ej[entid to Mattef. , 
Affd perhaps this is more Civility that eou^d ', 
have been expelled from any Alan but Mr. Tq- 
land. Another Perftm that had confront^ 
an Objection in tha Manner woii'd ^hardly 
have parted with it without makit/g one At- , 
tack at leafi ; where'M he contents hi/^fe{f^ 
'ivithbejinwinga fviallThreaini^g upon-^Ki •'**i^ 
Jp lets it go without any father Jitrrn^, ■ ./, 
'? 4 hr. 
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Bat farther jet : ^TU worth taking Notice 
how little Deftgn tofatisjie^ there appears, m 
his Method of illufirasing Difficulties^ as mil 
as anfwering Objeifions. Now his Way of 
doing this is^ to make the very Expedient that 
is to remove one Diffictdty^ involve Two Or 
Three more that are equally puzzeling. 
For Inflame fPag, 176.) he tells us. That 
to believe the Aftivity of Matter will 
clear up all dark and doubtful Points 
about Avacuum. For (fays he) as thofe 
particular or limited Quantities which we 
call fuch or fuch Bodies, are but feveral 
Modifications of the general Extenfion of 
Matter in which thev are all contained, 
and which they neitner increafe nor di- 
minifh ; fo all the particular Local Mo- 
tions of Matter are but the feveral Deter- 
minations of its general Aftion, direft- 
ing it this or that Way, by thefe or thofe 
Caufes, in this or that Manner, without 
giving it any Augmentation or Diminu-? 
tion. Now were Mr. Toland very ferious^ 
dn intelligent Reader wotPd think hi defign^d 
to affront his Vnderfianding by offering 
fuch a Thiffg as this to him for the Solution 
of a Difficulty. And who cotPd do lefsj to 
, fee a Man cunningly top a Nation upon him 
(rvhUe he pretend to inform hini) that is 
fo aifohitely precariom and oifcure, as his 
Notion of partkuUr Bodies and their Mo^ 

tions? 
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thm? They art the Modifications of the 
general Extenfion, and the general A£li- 
on of Matter. But hoip is ihii made out ? 
Why Mr. Toland ftys ^tisfo : But if Mr.To- 
innd Jhou^djivear ^tis Jb^ Md carfe ill Man- 
kind into the B4rg.tin that veo^t believe him, 
''tmll never f>afs for a Trtith^ for all that, 

ongfl People that are guided by Keafon. 

ghi not he to haije put it pafi DifputCy 
that particular Bodies were no more than fo 
many Modifcations of the general ExtenfoH 
ff the Vaiverfe, before be had ajfurh'dit to 
fohe a Difficulty mthal ? Or if he had done it 
any ivhere afttrwards, it wok'd have been 
fufficient. But never to do it, and yet to 
fupPafi it J is to beg his Point in the mofi for- 
did Manner imaginable, and to trifle with his 
Render unfardonahly, if he mre not in Jefl: 

I knojv well enough that the Notion of In- 
faite Mittter is a Darling with him, and that 
he miry poffibly trufi to this^ for the Proof 
of this Definition of particular Bodies. But 
I alfo knoxv nell enough that the Notion of 
Infinite Matter miey be infnitelyjalfe and tb- 
furd^ for any thing he has offer''d to prove 
the Contrary. And whereas he feems to be 
trying at it ('Fag. 213, &c.) Vw evident to 
any one (that can fee when a Man prejfes on 
an Argument with Courage, and when he does 
ft timorouflf) by the Doubtfulnefs of his Pro- 
ceeding, 
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feedings how much he fuJfeSted the Infirmi^ 
of his Reajoning upon that Head. However, 
there needs no more tq be faid ; for (Tage 
21 5,) he fits the Infnitenefs of Matter up- 
on the fame Foot with the Effect ial Activity 
of ity and he before took Care to offer no mor^ 
than a Paralogifm for the Proof of that D(h 
Sfrine. 

In the next Place ; IVhat Performances h^ 
gives his Reader Encouragement to exfe^ 
from him^ may be feen at Pag. J 59. wherf 
he fpeaks of no lefs Things^ fhan accounting 
for the fame Quantity of Matter in the Dni^ 
verfe^ proving that there can he no Vacuum, 
folving all the Difficulties ahwt the Vis.Mo- 
Itrix, vtith a great misny more bejides thefi. 
And all this from the Principle of the Effin^ 
tial Activity of Matter : Nay more than 
thaty he affirms that this Principle alone can 
do it. But if'- any impartial Reader canfnd^ 
that he has either evinced the Effential Aci^- 
Vtty of Matter \ Or that he has fairly, account^ 
ed for thefe {difficulties ^ or my One of the . 
whole Number ; or that he has (much more^ 
Jhewn that no other Principle can do it; but 
that alone '^ Pll then beg, his Pardon for af 
ferting that he has not. In the mean time^ 
I can^t tranfcribe his whole Book^ but every 
Reader that tviU take the Pains may fee tvhje- 
ther I am in the Right or no. 

Uftlj, 
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Lnjllj ; He mnkes no Scrrrp/e offetting am 
of his own ufjprov'd freciiriom Opiniofis^ in 

■Competilhn with Things that h/tt/e convincing 
Proof and Eijideme of their flde^ and are univet- 

fally own'd to hefuch. ^Tis a Point th.it Mr. Ne\t*- 
ton has fit paf all Difpate., that the Weights oY 

Gravitating forces of Bodies at eqttd Diftances 

from the Center, are proportional to the 'Quait~ 
tit) of Matter in them. But with m7^<x- \ 
■land this is yei aContro'ver^e - — Leaft I ejl- 
g^e my felf in a Difpute ffys he) about 
the Nature of Gravicy, as whether the 
Weight of Bodies be proportional to the 
Quantity ofMatter,c''f.Pag. 207, 

Jg4ia ; Tw A Trath fufficiently clear ^ th^ 
the external Preffares of the Atmoftphere artd 
iEther, have nothing to do, as caufes either ih 
whole or in part offuch an Effe£f as Grafitj in . 
Bodies ; therefore external Preffures can he 
of no Significancj to the Producing fuch an 
k^e£f as the diptrent Specifck Gravities (f 
Bodies. But he is pleafed to declare his Opi^ 
nion to be othermfr, and a/hiv Prejfure a 
Share in that Phenomenon. — ^- Tho* their 
Specifick Gravities (fpeahing cf^Cork, Lead, 
Gold, and the like) be fo dilferent from 
each other ; proceeding partly from exter- 
ntl PrejfareSj and partly from thofe inter- 
nal Struftures- and Modifications, which 
give their common Matter thofe various 
Forms 
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tpriDS that conftitute their Species, &c* 
Jhid. This (fajs he) is my own Opinion, 
\v;£iatever be my Reafons for it. Which 

p admirably tvell faid ; aud perhaps he kae^? 
well enoftgh, why he Jbou^d keep his Reafons to 
himfelf^ But however ; this very Pajffg^ 
alone is enpugh to yufiife rny Surmife, tbjH 
Afr. Toland rvou^d be thought to banter. Far 
ifi offer an Opinion tha thivarts a AJatter of 
Pfmonjirationj and fay^ 1 believe thus^ m^ 
ihuf tpbatfyer he my Reafons for^^ is Mmgfi 
ip^fani^ T^hing as to fay^ X aip in Jeft. 

In Jbortf Mr ^Tohn^ appears tof^e^ to 
manage the Point much after the fame Man- 
ner mth Ijoxd Peter in the Tale of a Tub, 
Tie One calls a brown Cfjafi^ Mutton and 
Claret ; as the Other dves Pancy and Para^ 
logtfm^ • Rtafin oftd foufid Philojbphy., Both 
appear grave and Jerious in what, thty. 4o 
and fay J and agree in aHing an impofng 
Part ; One up fin the Sences^ the Othir 'iff- 
o^\ fhe Under fiandings of thofe they talk td. 
The Difference is^ that One Jive/ars to the 
Truth. rf tvhat he fays ^ and the. Qtbtrkjb 
mqdefi as to pa0n his Word f9r%. Tm^ 
ihr^h no quefiion but PetC£ "m^ ha^/e^fmigi 
Reafons toil Ijfing hyhim^ to Prove, what Isn 
fof^tobe trufi: On^ (It^AtmG^tlm^} 
4t^*?*^ not flexed to ^odttftfh^ip^ ^mifftSk 

mntfor hfmtofay^ "TH f^jlikt^iiKlii 

rphi^n 
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rvhich looks like a brown Crufty u reallji what 
J have told. yoUy vhatever be my Reafons 
for't. But Peter'j Mutton and Claret was 
certainly never wore like a Piece of a hrown 
Lo^y than Mr. Totand'j Philojcfhy is like 
Paratogifm. The RefembUnce is juch, that I 
doubt ttdt, he has or rptll find, ''tis unizfrfallj 
taken for the ■vgry jme Thing m the World. 



'I JAj m more \ but only that I hear^ 
fot^ Queriions re*// /feorrV; he propojed to him 
apOK the Bujiuefs of Real Space. Iw my 
aim Part I htfve mthsng to do with that 
Point, and as much as J value the "judg- 
ments of fame that defend tt, in other Mat- 
terSj cannot fubfcribe to. them in this. / da 
believe, as well as Air. Tolapd, thut mofiy of 
fhpfe Gemlemert firmly believed the Exigence 
ff a, Deily. But l.alfo believe too, that fofi- 

riit6 neceirarlly-tetf-moving Matter may 
f'erVe to enteriiin an Athetjly as well as Al- 
mighty Space. 

fy remains only new, for me to return rnp, 
humble Thanks to the Render ^ a»d. bid hinfy 
Farewell. 



.^H 
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iV! B. 1"W Reader may, if he plcares^ omit 
' the Lemma (at P4r|^. 1 38.) and take the whole 
frocefs (for the kveltigation of the follow- 
ing The^. 4.) thus. Ullng all the Sym- 
bols Oft in the Lemma^ from the Nature of 
the Circle 'tis YY= 2 RX-XX, and yy=z2rx 
^xx i alfo D'=? 2RX, and d'=.irx. Bat at 
lead D and d are coincident with A and a^ 

i and X, X withx 9 x , fo that then we have 

'.■ A' = aid , and a' = iri, therefore x : i : : 

'■ A* 4* 

-V *• r* • ^ 'i' ^* ^^ ^^^ manner, I iay, the 

' Reader may come to the Tht^em^ without 
the Afnilance bf the Lemma , which 
gives the lafl: HatU of the Subtenfe of the 
Xugle of Contact to the conterminal Arch* 
, 1 ho^ the lemma it felf too be contained ia 
the Procefs \ for flnce A'=2rx , and d'='irx^ 
therefore if 2R=2r, then x : i : : A' : 4' j 

I at Dire^ions are git en for the Readiog of it 
in the Errata^ 
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' LAWS o£ MOTION, 

, W I T H T H E I R 

Application .to Mechanicks. 



Law I. 

ALL Bodies will perrevere in their 
State of Reft, or uniform direS Mo- 
tion, unlefs they are compell'd to 
: change that State by fome Force im- 

prefs'd Hpon them. 

Law n. 

The Alteration of Motion is ever propor- 
tional to the imprefs'd Force (that caufes it,) 
and the Dire(^ion of it is in the fame Right 
Line with that, according to which the Force 
is imprefs'd. 

B Law 
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Law III. 

Readion is ever equal and contrary to A€U* 
on 9 or the Adions of Two Bodies upon one 
another are always equal, and have contrary 

Diredions. 

It 

From thefe Laws the lUuftrious Author de- 
duces the following Corollaries. 

Infi CaupxxrARY tth the Lms 

of Motion. 

A Body wilMefcribe the Diagonal of a Pa- 
rallelogram by Two feveral Forces com- 
bined,, in the fame Time that it would defcribe 
the one or the other of thofe Sides by the 
one or the other of thofe Forces fepatately 
conflder'd. " -^ . ' 
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DEMONSTRATION. 

: Soj^fe a Body asu'd dcfaifce the Line AB 
(f/<?. 1.) in the Time T, with the uniforni 
Motion M i and ia the fame Time, ihe Line 
AC, with the uniform Motion N. Compleat 
rtie Parallelogram, and draw the Diagonal AD. 
The Diagonal AD fhall be defcEibed by thefe 
Two Forces thus combin'd in the fame Time 
T: ForThe Force N adting with the Diredion 
AC, parallel to BD, cannot change theVclor 
city of the Motioin towards BUj the Body 
therefore will be carry'd to th« Ijne BD in 
the fame Time T, whether th? Forte N b« 
iraprefs'd or no ^ therefore at the End of the 
Time T it will be found fomewhcre.in t^ 
Line BD. In like manner, the Force M ading 
with the DirtfSion AB, parallel to CD, cannot 
.change the Velocity of the Motion towards 
CD: Therefore the Body will be carry'd to 
the Line CD, in the fame Time T, whether ■ 
,the Force M be imprefs'dor noj confequently 
jit the End of the Time T it will be found fome- 
where in the Line CD. Therefore fmcc at the 
End of that Time it will be found in both 
thefe Lines BD and CD, it will certainly be 
fouad in D their Interfedion, that is in the 
Diagonal CL E. D. 
' .;: . F^ora hence arife the following Theorems. 
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H £ O R. I. 

The Forces by which the Sides and Diagonal 
of a FaraUelogram are defcribed, are propor- 
tional to, and may confequently be expounded 
by thofe Sides, and that Diagonal refpe&ivdy. 
For the Motions being uniform by the Hypotbe- 
lis, and the Times of the Defcription (both of 
the Sides and Diagonal) being prov'd to be the 
iame.by the foregoing Demonftration,tht Spaces 
defcribed ihall be as the Velocities by Lokq II. 
or as the Forces to which thefe Velocities are 
proportional refpedirely. Therefore (puttiog 
the Force in AD=G) it will be G. M : : AD. AB 
and G. N : : ■ AD. AC and G. M-+-N : : AD. 
AB-l-AC. 

T H E O R. II. 

If a Body with a Force proportional to AD 
defcribes the Right Line AD, the Motion, and 
Diredion of that Motion will be the fame as 
if the Body had at firft been impeird by Two 
Farces, ading according to the Dire&ions AB 
and AQand propbrtional to thofe Lines. There- 
foit any Motion, tho* in it felf ever fo fimple, 
ifcay bib confidered as compounded of others, 
ind (from this Principle) may be refolved in- 
to them. 

Theor. 



.^ 
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T H E O R. 
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Suppefe the Parallelogram as before, and a 
Body to be held immovable in the Place A by 
Two equal Forces afting with contrary Direfti- 
ons i the one tending from A to D, and the 
other from A toL. I fay 'tis the fame thing 
as if it were held by Three Forces irding with 
the Direftions from A toL, from A toB, and 
from A to G. For the ForceAD (by Theor. II.) 
is eqaivalent to the Forces AB and AC. There- 
fore, if the Body be held immovable- by the 
Forces, whofe Diredions arc AD and AL, it 
will be held by the Forces adting with the Di- 
rections AL, ABandAC. 

T H E o R. IV. 

A Body being thus held immovable by Three 
Powers ^ thofe Powers are one to another di- 
vrcftlyaslhe Lines that are drawn parallel to 
their refpediveDireftions, and lerraioated at 
' the Point of their mutual Concourfe. For (by 
Tfcfov.!.) the Powers ading with the Directi- 
ons AD, AB, AC are in Proportion as thofe 
" Lines AD, AB, AC refpeftively taken ; tfiati'^, 
[ as the Lines parallel to the Direftions, and ter- 
minated at their common Intcrfeition. 
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T H E O R. V. 

Therefore any Two of thefc Powers arc to 
one another reciprocally as the Siaes of the 
Angles which their Lines of Diredion isate 
with the Line of Diredion of the Third Power* 
Thus the Power M (whofe DireSiofl is AB) b 
to Power N (whofe Diredioq is AC) as AB to 
AC or BD, that is (becaufe in any Triangle 
the Sides are proportional to the Sines of tin 
oppofite Angles) as the Sine of the Angle ADB 
or CAD, to.the Sine of the Angle DAB. Now 
CAD is the Angle which the Line of Direftion 
of the Power N makes with AD the Line of 
Dire&ion of the Third Power j and DAo is 
the Angle which the Line of Diredion of the 
Power M makes with the fame Line AD : 
Therefore the Powers are as the Sines of thofe 
Angles reciprocally. Thus alfo the Power G 
(whofe Dirediion is AD) is to the Power M ; 
as the Sine of the Angle BAQ. is to the Sine of 
the Angle DAC ^ that is, as the Sine of the 
Angle ACQ^ or the Sine of the Angle ACD 
(the Complement of the Former to the Two 
Right Angles) is to the Sine of the Angle 
DAC i that is, as AD to CD. 

k. 

Cftitrml 
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General Coblollakies. 
Cor.. I. 



A Force aSda% with any given ^r«6Htfa 
may be ftcwn to be equivalent to an 
infinite Number of forces aiding with different 
Diredtons. For one aad tbc iame Line may be 
the Diagonal of an infinite Nomber of Faral. 
lelograms. ThHstheForccinADin ifacfaral- 




lelogram(P/tr. II.) ABGDisequIvalerittotlw - 
Forces in ABand AG ; and in the Parallelogram 
AGDH the Tame Force is equivalent to the 
Forces in AG and CD, and fo of infinite otlicrs. 
Alfoiince the Sides of the Parallelogram ABCD 
may be made the Diagonalsof an infinite Nii-ni- 
ber of others, the Force in GB may be (hown to 
he equivalent to an infinite Number of other 
Forces. For Example ; Make the Sirfe AC the 
Diagonal of the Parallelogram FAEC, and then 
B 4 the 
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the Force ading according to the Diredion CB 
will be equivalent to the Forces ading accord-* 
ing to the Diredions CF, CE and CD ^ and if 
CD be made the Diagonal of the Parallelo- 
gram CEDIy the fame Force in GB mil be equi- 
valent to the Forces ading ia CF, CI, and 
double the Force accolhiing to the Direftioa 
CE| and fo continuing to make the Sides of 
thefe lait Parallelc^rams the Diagonals of o* 
thers^ and fb on infinitely, the Force in CB may 
be fhown to be equivalent to an infinite Num- 
ber of Forces ading with different Diredions. 

C o i^. IL 

Let M, N exprefs the Sides of one Parallelo^ 
gram, and A, B the Forces refpedively, of 
which thofe Sides are the Diredions, and by 
which they are defcribed : Let m^ n exprefs the 
Sides of another Parallelogram, and ^, h the 
Forces. Alfo let the Diagonal coqmon to both 
be D, and the Force whpfe Diredion is in that 
Line be F. Then (by 7%c(?r. I) A-HB. F : : 
M-'i'N. D, and ^h^. F : : m-vn. D. Therefore 
A-t-B : a-\-h : : M-HN : //i-l-w. That is, the 
Sums of the Forces in the Sides qf the Two 
parallelograms, are diredly as the Sums of the 
Sides. — Likewife (from the foremcntion'd 7^r<?- 
rem^ becaufe A : F : : M : D, and B : F : : N : D. 
?nd confequentlyAHD=FMVf, andBxp=Fx^5 

thercr 



therefore AxD — BiD = FiM— FxN; thai is 
A— B: F:: M— N : D. And fo for the other 
Parallelogram, it may be ihewn, that <i— *: F : : 
w-»:D. Therefore (by Equality of Proportion) 
^_S ; a—h:: M— N : m—ti. .That is, the Dif- 
ferences of the Forces in the Sides of the Two 
Parallelograms, are direflly as the DifTercnces 
of the Sides, 

W Let the former Symbols fland as before -, 
'iprily let My !iy now exprefs the Sides of a Paral- 
lelogram, wliofe Diagonal is unequal to that 
of the former ; and let this Diagonal be put 
=(/, and the force by which 'tisdefcribed be 
put=/. AiroletitbeD:^::F:/ ThenCby 
•77«w. I.) A-l-B: F:: M-hN : D, and a-H : 
'y\;m-\-n:d; therefore A-lB:-<-l^:: M-iN. 
'~f»-l~ff. It mayalfobe proved in lilce manner, 
'asinCVr.II. thatA— B:^-*::M— N: m—n. 
'"So that tho' the Parallelograms have unequal 
' Diagonals, yet thofe Diagonals being defcribed 
' by uniform Forces proportional to the Lengths 
tof them ^ the Snms or Differences of the Forces, 
that dcfLTibe the Sides of thofe Parallelograms, 
jhallbe direftly proportional to the Sums or 
f DiSerences of the Sides themfelvcs. 
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Cor. IV. 

In every Rcftangular Parallelogram,thc Force 
in the Diagonal is equal in Power to the Forces 
in the Sides. This is Theor. 1 1, oif GoIHahs's 4ih 
Mechanich Dialogue. 

The following Problems relating to this Mat- 
ter may here not improperly befubjoia'd. 

P R O B. I. 

To fixid ParfiUelograms having a comiaon 
Diagonal, in which the Sums or bif!erenee& 
of the Forces (by which the Sides are defcrib'd) 
fhall (till be equal to one ano^er, or be ex- 
prefs'd by a Handing Quantity. 

According to the Tenour of Or. it. let the 
Quantity MH-N be the Tranfverfe Ax of any EI- 
lipfe, and D be equal to the double Excentrid- 
ty, or to the Diftance of the Foci from one 
another. Alfo let M, N be Two Lines drawn 
from the Foci to any one and the fame Point 
in the Curve, and tuy n Lines drawn from the 
Foci to any other Point in the Curve. I lay, 
that the Lines M, N, and w, n^ are the Sides, 
and that D is the common Diagonal of Two 
fuch Parallelograms as are required. For from 
the Nature of the Ellipfe, M-hN is nw^-l-;^ per- 
petually i and therefore A-^^h^ar^b ever alfb, 
by Cor. II. Q, E. I. 

If 



I If the Difierences of the Forces were te- 
rn quired to be a ftanding Quantity, arrd fuch 
r Parallelograms were to be determiji'd. Then let 
M — N = the Tranfverfc Ax of any Hyperbola, 
and D =: the Diftance of the Foci . Then from 
the Nature of this Curve, M— N {hall =w— », 
and confequently A— 6=*-^ rerpetuaHy. 

p R o E. n. 

To find Parajlpiogranis having unequal Dia- 
gonals, ill which the Suras or Differences of the 
Forces, with which the Sides ai'e defcribed, 
Ihall ftHI be equal, or be exprefs'd by a Handing 
Quantity. 

According to theTcHour af CoroH. III. let 
M-HN be the common Trantverfe Ax of any 
Two EUipfes, in which D and <^ are the Di- 
Itances of the Foci ; D for one Ellipfe, and d 
for the other. Then ifM, N, and »», » c^-- 
prefs Lines drawn from the Foci to any Points 
in the Two Curves (that is M, N from the 
Foci of the one Ellipfe to any Point in that Curve, 
■andw, w from the Fojiof the other Etlipleto 
any Point in that Curve) I I^iy, thatthefe are, 
the Sides, and the Focal Diftances the Diago- 
nals of fuch Parallelograms as are required. 
Forfmce M^'^N is =»»«» perpetually (from the 
Nature of the Ellipfe) therefore alfo, according 
tothelweirtof that 3d Cor. A- 'B (hall be ever 
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= 4-h** QjEih So if M^N were the com- 
mon Tnmfvcrfc. of Two Hyperbola's, in which 
the Oiftances of the Foci were D and d^ then 
M, N, and i», n being Lines from the Foci, as 
before } the Parallelograms will bcfuch as is 
required : And M— N being ever=i«— w from 
the Genius of the Hyperbola, A-^Bihall =^^r-b ^ 
that is, the Differences of the Forces (hall be al* 
ways equal. 

p R o B. nr. 

To find Parallelograms having either equal 
or unequal Diagonals, in which the Sums or 
Differences of the Forces with which the Sides 
are defcrib'd, fliall (till be m any Rati9 affiga'd. 

Let the Ratio affign d be that of p.. q. 

CASE I. 

Let the Parallelograms be required to have e- 
qual Diagonals. Put the Tranfverfe Ax of any 
Ellipfe or Hyperbola=T, the Pararoeter=L,the 
Tranfverfe Ax of any other Ellipfe or Hyper- 
bola=r, and the Parameter =/. 'Tis manifeft, 
that in order to the (atisfying the Demands of 
the Problem, the EUipfes or Hyperbola's mult 
be fo proportioned to each /)ther, that their 
Tranfverfe Axes may be in the Ratio aflign'd, 
and their Focal Diftances equal. One Ellipfe 
or Hyperbola therefore being given, whofc 

or 
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TraiJVrtfeandl'arameterjTand L,aTc known : 
I lay, that another Eilipfe whofc Tranfvcrfe 
Axt is = T^, and its Parameter i = 

? 
T ?' — Tp'+Ly'i or another Hyperbola, 

it 
whofe Tranfverfe : 



Tf'+Ly'-T?' : 



: T ^, anditsParanietcr= 
thele 2 Ellipfes, or thefc 2 

Hyperbola's Ihall have the Conditions required, 
and the Parallelograms (whofe Diagonals are 
the Diftances of the Foci, and whofe Sides are 
the Lines drawn from the Foci to any Points in 
the Curves) Ihall be fuch as will anfwcr the 
Demands of the Problem. The Demonllraiion 
of which is ealie; For fincethe Square of the 
Diftance of the Focus from the Center, is in 
the EUipfe = to the Difference, and in the Hy- 
perbola - to the Sum of the Squares of the 
Seraitranfverfe and Semiconjugate \ therefore in 
the Two Ellipfes or Hyperbola's, if the Di- 
ftances of the Focus from the Center in one be 
put equal to that in another. We have this 
Equation T ''-LT=: i '— /r for the Ellipfes, 
and T ' -i- LT^f ' -1- / r for the Hyperbola's. 
From whence L and T being given in tlic one, 
and alfo tin the other, the Parameter ^ of that 
other maybe found, and the Value of it will 
be fnch as is determined above. For becaofc 
t is =T ^ , ^nd confequently Given; therefore 
p the 
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the Value of / will be exfMre&'d all in the Terms 
oftheGiWQ Quantities L,T,f, 9. Laftly, Be* 
caufe the Traofverfe Axes are in the Given ^nryV 
of p to i]j by the Hypothelis ^ and the Sums or 
Diflereaces of the Lines firom the Foci to the 
Curves are equal to the Tranfverfc AXes from 
the Nature of thefe Sedions, and therefore 
ever in the lame Rdtio of p : ^ ^ and becaufe 
(by Cor. II.) the Sums or Differences of the 
Forces are ever proportional to the Sums or 
Difierences of the Sides (which are the Lines 
drawn from the Foci to the Curves :) There- 
fore the Sums or IXfl%rerces of the Forces (ball 
always be in the Given Ratio of p : 9. d: E : D. 

C A $ E IL 

Let the Diagonals be required to be unequal. 
If T be the Tranfverfe of one Ellipft or Hyper- 
bola, then Tjf Qiall be that of the other. And 

if the Diftance of the Foci in one EUipfe or 
Hyperbola be D, and that in the other be d \ 
thde being the Diagonals, and the Lines drawn 
from the Foci to the Curves being the Sides of 
the Parallelograms : If the Diagonals be de-^ 
fcrib'd by Forces proportional to their Lengths, 
the Porallelograms thus made (hall be fach as 
arc required. The 3d Cfrollary (with tho(e fb 
oftjen mentioned Properties of the ComckSefHans) 
demoaftrate this without any further Trouble. 

Prob. 
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^, , P R;0 B. IV. 

* iht Points A,B, F, D, CFIO. HI) being' ^ 
giVcii, 'tis required to determine the Point C ii 
the Right Line HB (given in Pofition ;) fo that 
compleating the Reflangular Parallelograms 
Afi'a, DCFK, the Time of defcribing the O^ 
blique Path ACF (which is the Sura of the Dia- 
gonals) may be the leaft poflible ^ or (we niay 
propofe it thus) that the Sum of the Forces 
with which the Diagonals AC aad CF aredc- 
Tcribed, may be the] eaft poflible. 

Here I fuppofe the Sides IC aod CK to lie 19 
a Right Line : Alfo that the Body, by fome 
Caufe or other, does at the Point C receiV'f 
axiother, and diSerent Diredion of its Motion^ 
and a Change of its Velocity, la a Word, that 
wlfareas before it came to the Point Q it mov'd 
ia^thtpiagonal AC, it afterwards moves in t 
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Diagonal CF, making an Angle as GCF with 
the former. Put AC=i.. CF=v. BC=*. Ah=d. 
FD-fr. DB=c. Therefore DC=c— *. 

Note, That the Polots Aand B are given ; 
therefore AB is a given Qiiautity. So becaufe 
F and D are given, the Line FO is ever the 
fame ; and Ukewife DB is invariable. As for 
all the reft ('tis evident) they are flowing Qpan- 
tities. Let m be the Time in which AC is de- 
fcribed, and r the Velocity in the fame, n the 
Time in which CF is defcribed, and j the Velo- 
city ; which Velocities I fuppofc to be the 
&me in all the Points of the Lines AC and CF 
refpcftively, and confequontly the Qjiantities 
r and J to be ftanding ones. From the common 
Principles of Mechanicks, 'tis evident, that 
tfi.n::z,xs.rKv. Thatis, the Times are in the 
Ratio compounded of the direct Ratio of the 
Spaces, and reciprocal Ratio of the Velocities. 
Alfo, if m, ff, exprefs'd Forces, and r, /, Re- 
fiftaoces, then the Forces wou'd be in the Satia 
compounded of the direft RatiQ of the Spaces, 
and the direft Ratio of the Refiftances. There- 
fore if s denotes the Refiftance in AC or c, 
and r that in CF or w ; then one and the fame 
Expreffion Jhall fcrve with Refpeft to both 
ihcfe Ways of propofiag the Problem. There- 
fore (in one Suppofition) the Time in which 
the whole Space ACF is defcribed (ortheSiim 
of the Forces in the other) will be as t.t-W^ 
But 
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fiat jrom the ReQa pgular Triangle s we have 

t=>ex~td^.^ an4v~i>^^ ce~zcx-\-iffXfi ■ Therc- 
ibfc the E^rpreffion comes to this j^i xx-xdd\i 
Il-r"^^i^|-f'^~-i'^-v-l ATA-.^i whichExprelTioriisio 
6e deterrain'd to a Afimmnm. Therefore wcirk- 

I ing by the adiuirabk Method of FluxiotiSj^e 

* Ihallfindjxri -l-t- xxV— ex 

than is, J )^ jt — i-Kc—x . From whence at.c— * : : 

txx.^jK't;. Therefore if the Points A and F 
be fuppofed to lie in the Circumference of » 
Circle of which G is the Center ; that is, 4f 
AC=CF, then it will he x.t—x:z r. s. And 
confequently if the Line DB be divided inC, 
ft) that EC : DC, as the Velocities in theDraJ- 
gonals AC, CF direftly, or as the Rcfiftancae 
reciprocally ; that is, if the Siaes of the in- 
cltnations of the Diagonals AC^ CF to the per- 
pendicular ICK, are in either of thefe^4f;V/, 
then tlie inflex'd Path ACF ihall be defcrjbcd in 
the leaft Time, of all that are in like manner 
comprehended between any Two Lines drawn 
fi-Om the Points A, F, to any Point in thfe 
tine DB, or (with Refpeft to the other Way 
<jf propoftng the Problem) the Sura of tHe 
Forces with which the Two Diagonals AC, 
ty are defcrihed, Ihall be the ieafl pbffible. 
Q.E. 1. 

A\ • G Tq 
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Tocarry this on a little farther ; If r=:J, that 
.is, if (the Body meeting with nothing at G to 
retard its Motion) the Velocities in AC and CF 
be the fame ; then x. c—x : : z. v. In which 
Cafe FC will be coincident with LC, which' 
makes one Right Line with AC. Alfo LH 
being perpendicular to BD produced, the Point 
Dbecomesnow coincident with H. The Tri- 
angles ABC, LCH therefore are fimilar. For 
BC being=^ (as before) CH is now r— a-, and 
BH=c. But 'tis found, that x. c—x : : x.. v. 
that is, BC. CH : : AG. CL, and the Angles 
ACB and LGH are equal i therefore, &t. From 
hence making HE - LH, the Triangle HEC 
will be equal and fimilar to HLC, and alfo fimi- 
lar to ACB. Now if the Body (moving in the 
DiredioH AC) inftead of paffiog on in the Right 
f -Line CL, were refleded at the Point C, then 
fincethe Velocity continues ftill the fame (the 
pireftion only being changed) in the fame time 
that it would defcribe CL, if it went on di* 
redly, it will defcribe a Right Line =to CL in 
flits refiex'd Motion. But from the Equality and 
^Similarity of the Triangles HLG and HEC 
the Line CE is =; CL, therefore it wiH defcribe 
CE. But the Angle HCE is = (HGL=) ACB ; 
tlicrcfore the Body will be refleded fo, that 
the Angles of Incidence and Reflexion (ACI 
ajidECDfliall be equal, 
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N. B. I abftrad here from all the Imperfedi - 
ons of Matter, aad fuppofe the Body perfeflly 
Elaftick, and the Obex firm. 

*ii S C HO L. 

' If AC were fnppofed to be a Ray of Light, 
the Theorems found would be thofe Two cele- 
brated ones let Dioftrkh and Catoptricks^ upon 
which thofe Sciences are built. And DC,CBi, 
which are the Sines of the Inclinations of the' 
Diagonals FC, AC, to the perpendicular ICKj, 
would be the Sine of the refrained Angle, and 
the Sine of the Angle of Incidence, if DCB 
were the Surface of a different Mtdium. From 
whence thofe Sines would be as the Velocities,, 
intheTw0vWf(6'«n».', by what was found abovCf 
aad as Mr. Nevton has Ihown Prof. 95. Lib. 2. 
But this only mTrmjitu. The general Principle 
concerniug the Compofitioa of Forces Ihall now 
beapply'd to feveral Problems in Mtchanicks. 
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•P'R O B. • 1. • 

To ajj^gn^heprofortion-of.iii Strohmdde mtb 

any chlique Direction upon d Planey to one 

mAde rvith a ferpendiculof Dire^ionj the 

. Body moving Jn both Direifions mth the 

fame Degree of Velocity. 

SUppofe the Body's Dircaion (JIG. I.) to 
be in the Right Line AD, and that it ftruck 
dpOn the Plane' DF at the Point D. Let fall 
AF perpendicular to FD, and compleat the Pa- 
rklldogram FDAG. The Motion of the Body 
in the Line D^ is equivalent to Two other Mo- 
tidns whofe Diredions are AF and AG, by 
Tht&rAl. But thelVlotion whofe Direaion is 
AO is of no Significancy as to the Stroke upon 
tRe Plane DF, f6r GA being parallel to DF, 
Aft Body tnovHig with that Diredion wovld 
ilever meet the Plane. Therefore the Force 
by which the Body moves in AD, being as AD* 
that by which it ftrikes upon the Plane, is as AF. 
But if it moved in a perpendicular Diredion,and 
with a Force proportional to DA, the Qjiantity 
of that Stroke would be expounded by that Line 
DA. There;fore the Magnitude of the oblique 
Stroke is to the Magnitude of the perpendicular 
oiie, as FA : DA, that is (making DA Radius) 
as Radius td "the Sine of the Angle FAD* 
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Cor. 




. "The Angles of .Obliquity upon the Planes 
helag eqiial^'the oblique Stro'kes'''are diredly 
proportional to the perpendicular oiies, howr^ 
unequal focver the Velocities ('with which tfie 
perpendicular Strokes are made) be. Thus hi 
the Rightangled Triangle ACB (fJ C: 1 V.) Che 
perpendicular CD being let fall-,* fidcc ABC^— 
ACD, therefore the oblique Stroke with tlie 
Direction AB upon the Plane BC, is to tIk 
perpendicular Stroke made with the lame Ve- 
locity, as the oblique Stroke with the Direif^iciu 
AG upon the Plane CD, to the perpendicular 
-Stroke made with the fame Velodty withtliis 
oblique one.For (by the /'rop.)the oblique Strcikis 
arc to their refpeftivc perpendtculafdncs, (Is 
CA: AB, andasAD:CA; but (from the Ele- 
ments) AD : CA : : CA: AB, therefore theo- 
blique and pcrpeqdicular Strokes are dircftly 

"^irdlJortiona!. 

C 3 Cos- , 
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Cor* IL 

The oblique Stroke made upon the Sides of 
any Redangle, with equal Velocities, and with 
the Diredionef the Diagonal, do anfwer reci- 
procally to the Forces that defcribe thofe Sides, 
and by the Compofition qf whiph the Diagonal 
is defcrib'd. For iFIC. I.) the Qpantity of 
the perpendicular Stroke upon the Sides AF, 
AG, being expounded by the Diagonal DA, 
the oblique ones made upon the fame Sides with 
the fame Velocity, and the DireAion DA, fhall 
l>e as FD and DG. The Force by which the Dia- 
gonal is detq^ibed being expounded by DA, the 
Forces in the Sides AF, AG (hall be as DG and 
FD. So that the Magnitudes of the Strokes, 
and the Forces do anfwer reciprocally to one 
another* 

f30E- 
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Cor. hi. 

A Body moving with equal Velocities in the 
Lines of DireftJon of equal Length, but un- 
equally enclinM to Two Planes; the Magni- 
tudes of the oblique Strokes ihall be diredly as 
the perpendicular Altitudes of the Lines of Di- 
reftion. Thus (f /(?. IV.) if KG = KL, the 
Strokes with thefc Direftions upon the Planes 
CD, LE, ftall be as KD and KE. For the 
oblique Stroke upon CD, is to the perpendi- 
cular one, asKDiKC; and the oblique Stroke 
upon LEjis to thcperpendicuiar one,as KE : KL. 
But the perpendicular Strokes(bcing made with 
the fame Velocity) are equal, and KC=KL by 
the Hypothefis ; therefore the Magnitudes f»f 
the oblique Strokes, upon thole Planes, are as 
KD and KE diredly, which ire the Altitudes 
pf the Lioes of Direftion. 

C 4 C It, 
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Cor, IV. 

M- i 

A Body moving with the fame Velocity in 
oae and the lame Uoe of Dif-efUoo, which is 
une^ally cncKd'd tt} TwoPtane^ (meeting at 
'the fame Poiat) the oblique Strokes made 
ti^6 thefe Tvfd'Flanes IhaU be dire^ly as the 
■•]>erpcndicul2r Aitihides of the Line of Di- 
■siKtiob. The Line df Direaion ' being KG, 
-(F/<?. IV.) let the Line GH be drawn, nia- 
Wigthe Angle AGH, with the Line AG ; alfo 
liet KA, KH be perpendicular to the Lines 
■ AG, HO. The" Magnitudes of the oblique 
fitrokes made with' the Diredion KG, upon 
"'fte Planes AG and HG, fliall be as KA, KH 
'direftly; which jseafily deduced from what 
''has been laid. 
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A Body moving with the fame Velocity in 
Lines of DireQioa of unequal Length, and In- 
clinations to a Plane, but equally high i the 
Magnitudes of the oblique Strokes are recipro- 
cally, as the Lengths of the Linesof DireSion, 
The Lines of Direftion being KG, Kl (,FJG. IV.) 
let HG be drawn, fo that the Angle AGH may 
be=IKG, and let fall the Perpendiculars KA, 
KH as before. 'Tis evident, that the Angle 
KGH is = the Angle KIA. Therefore (by 
Cor. I.) fincethe Angles KGH and KIA are e- 
qqal, the oblique Strokes made ■with the Di- 
redions KG and KI, upon the Planes HG and 
Al, ftiall be direQly proportional to their re- 
fpeftive perpendicular Strolics. Confequently, 
if the Body moves with tlie fame Velocity, and 
, fo the perpendicular Strokes be lequal, the 
obUque ones upon the planes PG and AT, with 
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the Diredioos KG, KI, fbaU be equal. But 
by thelalt Cer.') tfaet^liqae Strokes made ia 
the Diredioo KG, .opoa the Planes GH aad 
, GA> are diredly as HK : AK, that is (from the 
Similarity of the Triangles HKG, AKl) as 
KG:KI. Tberefbre the oblique Strokes made 
with the Diredions KI and KG upoa the fame 
Plane AG, arealfoasKG: KI^ that is reclpro- 
ally as the Laigtht of the Lines of i;^re^ioq, 
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Therefore onlTer&Uy (joining the Accounts 
of Or. HI. and V. togetiier) any oblique Strokes 
made by lines of Diredion neither of eqnal 
Lengths, nor equal Altitades, are in the Rstia 
' compounded of the dired SMh of the perpen- 
dicular Altitudes, and the reciprocal SMi« of 
the Lengths of the lines of DixcQioa J Ex.gr. 
tbo 
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the oblique Stroke upon the Plane CD, with 
the Dircdion KG, is to that upon the Plane AI 
with the Direftion KI, as DK'^IK: AKxKC. 
And from hence I infer, that (univerfally fpeak- 
ing) the Magnitudes ofany Twooblique Strokes 
made with the fame Velocities, are in Propor- 
tion diredlyas the Declivities of the Lines of 
I JDireftion. For the Declivities of any Tvjo 
I lines are univerfally as the Altitudes direflly, 
and the Lengths reciprocally. By Prpp.i^.Chaf.z. 
of Dr. iVaiiu*& Mechmifki. . 




Cor. vn. 

If a Circle were carried thro' the Points A, 
I C, B, {tJG. IV.) the oblique Stfokes made 
I upon the Planes CD, NM, with the Direflions 
Uof the Chords AC, AN, woa'd be direftly as 
I the Squares of the rcfpeftive perpendicular 
Strokes 
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si:r(ft:cs upon tKfe 'fimc Planes; '- Fof ^ with rc- 
iJl^a tbthcWattfrCD, the Magmtiiac of the 
odlicjtfe Str<ikfei''is to the Magnitude of tiic 
Perpendicular, as AD : AC Litemfc with re* 
Tpcftto the PtentfNM, the Proportion of tbc 
Strokes is as- AM? AK. But from' the Nature 
df t«eCirciVAE>!3AM::AC?i: AW. Thcre^- 
ferc, &c. With' wrpeft to the Planes CD and 
BCv the 'obliqm Strokes made upon tbeniy 
with the Dlre8:ions AO, AB Veipcaivelf, 
wou'd be diredly proportional* to thcircorreC- 
poildent perpendicular Ones. For the Triangles 
ACD, ABC are fimilar, and the Angles ACD, 
ABC (which the Lines of Dlredion make with 
the Planes) are equal : Therefore this Propor- 
tion of the Strokes holds all over the Qrclc. 
With refpeft to the Planes AN and BC, the 
oblique Strokes made with the Dircdions AO, 
and BO, are alfo diredly proportional to their 
correfpondent perpendicular Ones. For the 
fame Reafon as the lalt. 
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Cor. VIII. 

If a Body fetting out from the Point A 
(FIG. V.) moved in the Diredions AF and 
AD, with an equal Degree of Velocity ; the 
Proportion of the oblique and perpendicular 
Strokes wou'd be as before ; viz.. as AF : AD. 

Let &\\ the perpendicular FC from the Point 
F to the Line AQ. If the Body moving with a 
Velocity, as AD,.-aKid in w perpendicular Di- 
re£kion, ftrud the Plane at the Fokt D« the 
Magnitude of the dired Stroke a^ that Point, 
lyoiiM be expounded by AD, s^ that of the 
oblique Stroke in the Diregtion AD> v/ou'd be 
expounded bj( AF. LiJ^evyi^ 'if ihe Body mo- 
ving with^a Velocity, as AF, sipd in a perpen- 
dicular Direaiph, ilruck the jUanc at D, ttic 
Ijilagnitude of the , dired Stroke at that Point 
would be expounded by AF,. and that of tte 
oblique one |n the DireSion AD^ would be ex-r 
pounded byXCCby Car.l) for AD : AF :; AF:AG. 
But the Magnitude of the dired Stroke h the 
iame, whether itbegivenat thcPpint Dvoih 
ia Velocity as AF, or at the Point F with a Ve- 
locity as AF. Tiierefore the Proponxon of list 
Strokes remaias the iaiue. 
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Cor. IX. 

The obliqoc Stroke (JIG. V.) made in the 
IMredion AD, is equal to a dired Stroke (made 
with a Veli:Kity as much lefs than that which 
tte Body moves in AD ^ as AF is lefs than AD.) 

For the oblique Stroke is to the dired one 
made with the fame Velocity as AF: AD. Mow 
any Two diteftStrokes made by the fame Body 
are one to another, as the Velocities with 
wiiich the ftrilung Body moves. Therefore if 
thefe Velocities be as the Lines AF and AD, 
then the Magnitude of the oblique Stroke with 
a Velocity as AD, is equal the Magnitude of 
the direft Stroke with a Velocity as AF : Or, 
which is all one, the Magnitude of the oblique 
Stroke with a Velocity as AF, is equal the 
Magmtude of the dired Stroke with a Velocity 
as AC. 
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Lemma. 

If A Body, defcending by the Force of its Gra- 
vity, ftrikes ufQH & PUne ; let the Line of 
Direliioa he either oblique or perpendicular 
to that Plane j the Magnitude of the Stroke 
is the fame, as if the Body had moved *!? 
alon^ in that fame DireSio/t, with a De- 
gree of Velocity, equal to that which is 
gotten by the accelerated Motion, at the 
Point where the Line of DireBion meets 
the PUne, 

FO R the moving Body and the Line of Di- 
reftion, being each the fame, nothing but 
a different Velocity in ftrikiog upon the Plane 
can make any Alteration in the Magnitude of 
the Stroke. But whether the Body moves with 
an equable or with an accelerated Motion, the 
Velocity with which it ftrikes upon the Plane 
is the fame, if the Velocity of the uniform Mo- 
tion be equal to that gotten by the accelerated, 
at the Point where the Line of Diredion meets 
the Plane. Therefore, &c. Q.; E: D. 
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T H E O B„ J., ;. 

Jf a Body monjes in the Din^ioHs AD, Ai>\ 
' from theToint'Jy by the Force of its Gra- 
vity, (VtG. V.) the Ma^fritade of the 
Stroke made with the obliqae Diredion 
AD, fixaSie to that made with the Df- 
. reiNeit AF^ ferfendietUarto the fkriz(^j 
i»AF:ADi 

» ■ • ^ . ' . ■ . 

FOR (bfthef^regoii^gZ^mwic) the Strokes 
made . wi(hi the oblique . and perpendicQr 
lair pirediohs,/ arc jhc fame as if the Body 

had moved uniformly all alpng, with a ll)egf ep 
of Velocity equal to that gotten T)y the acce- 
lerated Motions* at the Points where the l,ines 
of Diredifn ,meet the Plane, ^fiiit the. Velo- 
cities gotten (by the Defcents)'at the Points 
F and D, where the Lines of Direction meet 
the Plane, are equal (by what is fliewn in Gali- 
Lm^s i^ Mechanick Dialogne, Therefore the 
Strokes are the fame, as if they were made in 

thofc 



Ithofe Direftions, with equal Veolcitiesin uni- 
Iform Motions. And tliercfoic (by what has 
I been already Ihewn) the Stroke by AD, is to 
I tbat by AF, as AF : AD. Q.: E : D. 



Cor. 

Therefore wliere the Body defcendiog in the 

I perpendicular Direftion AF, acquires a De- 

I gree of Velocity, as much lefsthan that which 

I it acquires by the Defccat thro' the whole 

Line AF, (or which is all one, liy the Defccnt 

\ thro' AD) as AF is lefs than AD ; I fay, where 

it acquires fucha DegreeoF ti'clotity ; ibet<! the 

dipeft Stroke iftadfe upon a i'lanedrawrtltro' 

tfaa^ Point, paraild to f D, . fhail be equal to the 

oblique Stroke made in titc Uire^ion AD upon 

the HaneFDj the Body ia both Cafe^ moving 

freely by the Eorce of its Gravity^ -ai was ibp- 

pojfad in the Theorem. 1 his is demonftrated in 

ali'Rerpecli'lilve'che^th Co/ii^-^ofthe fcjreg^ing 

^ Problem. ' * ■.,■.■.- 

From hence we may eafily folve the foW ' 
kVlQg-i'rAltrh. ' " 

t J Ur..'„,t :.■.:,. 
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nCbcr^fore it is ftlfo V : v : : v'AF : <\/ AH 
Thewfbtcitmuft be V'AF • V-AH :: AF : AC 
31»t is,itmoftbeAF : AH : :.AF) : ACq 
«i: (if A£=AC) it molt be AF : AH : : AF<i : AE** 
3Diere6>re. putting A£= AC, the Line AF muft 
]^i4ividejifp, titat AF, AE and AH may be cOn- 
tyiualPi^ptKitioiials. :Q.:E:L 
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3(ll.%^i#f?^ ^-^ % Jwff, ^x/^ Grjf. 

. . ,the J4^^tMits cf the Strokes (wbetker ifc> 

i;, jfd to.tJff trms of the. Bodfs Dejcent m 
-; thpfe DireSio»s. 

•J ■.■-;" •,• ■' ■.' •' >-. ■•■ .':... "'■.:'.■ 

CASE I. : . 

T ET the Body defccnid in, the Dirieaion AF 
'jtlf (J?IG. V.) pcrpendicuiaf to tljc Hotizoii- 
tal Lines HC, FD. The Strokes mkde upon the 
-^iaties HC, FD, afttr the iDeicent^ thrt>* Ait, 
ft!5, art as the Velocities with which they arc 
^■^^ made J 
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made ; that is, as the Velocities gotten by thoTe 1 
EJefcents. But the Velocities (from the Nature 1 
of uaiformly accelerated Motion) are propor- 
tional to the Times. Therefore, &-c. Qj E : D. 

CASE II. 

Let the Body defcend in the oblique Dire£li. 
on AD. The Strokes made upon the Planes 
HC,FD, after the Defcents thro' AC, AP,are 
to the former dired Strokes upon the ' fame 
Planes as AH, AF» to AC, AD, by the foregoing 
Theorem. Therefore the oblique Strokes are 
diredly proportional to thcdire£toncs, Gncc 
(from the fimilar Triangles) AH : AF : : AC : 
AD. Therefore they are alfo as the Times of 
the perpendicular Defcents, by the formct'Cafe, 
But (by Thfor, III. of CaiiUtu'^ 3d Mtchmick 
XHaI.) the Times of Defcent thro' AC, AD, 
■ are to the Times of Defcent thro: AH, AF ^ 
as the Lines AC, AlP, to the Lines AH, AF. 
Therefore the oblique Strokes upon the Planes 
HC, FD, are alfo diredly proportional to ibg 
Times of the Defcent of the Body in the pi?^ 
reiftionsAC,AD, ft;E:p. W) T'd T 

-..:; - ^ ^-^^^JL 

^riO Cor. ; ,,, „^„ 

K^'lriie Strokes cither oblique or direfl:^ niaile 
'ippon the the Planes HC, FD, are as V !aH, .atid 
V AF, or as VaC, and \/Abi'or, whic^ 
D3 i^ 



.-iskalldney^tlmy aitasithe Oipdizi^tes. (cfafrng* 
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u^^ualfyMclm^dtaTm Flams ; the Mag^ 

' niiUtes^bf- ^ht Mique Strikes pdU be to one 

' oMfh&^hredtlj as the fqukre Roots (if th 

Cubes of ihe ferfendicukr Altitudes offhf 
'. . tines of DireSion. 

LET (FIG. VI.) RCrKL, and a Body 
defcending in thof^ Diredions, itiike 
upon the Horizontal Wanes CD, LE. Draw 
KDE perpendicular to the Horizon, and. . ^on- 
fcquentlyfo.to eacjij)f thde Planes. JLet 
^Dexprefs tlie Magnitude >f the dirc^ Stroke 

made 
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made upon the Plane LE, O the Magnitude of 
the oblique one^ i the dired Stroke upon the 
Plane CD, and q the correlpondent oblique one. 

And D:0::KL:KE * ' 
Therefore o : O : ; KDx\/;KD : KEx V : KE^ 

Kc ' in 

But KL=KC, by the Suppofition, 

Therefore o : <ih. KO^ : Kt>V that is diredly, 
asther<|)}ar«^x?ot$of thftCulbe^Qf thp Aki(6icl«i 
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^Jt,H^ p.Q :R. . IV.. . 

i< 'Mi^ defiendii^iyWi ' Force cf Us GtMtj 
in A Line of J^re£fidh^ tphich if iinequaffj 
enclin^d to Two Planes (meeting the pane 
Point) the Mi^nituditiofthe oblique Strokes 
given Mfon thefe Planes^ /ball be direltly 
as the ferfendicnlar Altitudes rf the Line 
of Direttign. 

LET {FIG. VII.) the Body defcend in thc{ 
Diredion KG, and fo ftrike upon the 
Plao^sGA,GH, makiflg. ^he Angle AGH. Let 
KA be perpendicular to the Horizontal Line 
Gk\ andKH be perpendicular to the enclin'd 
Line GH. The Strokes made by any accele- 
rated Motions are the fame as if they were 
ipade by equable Motions in the fame Diredi- 
pn^ and with Velocities equal to tbofe got- 
ten 
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ten by the accelerated Motions, at the Points 
where the Lines of Direction meet the Planes 
(by the foregoing Lemma.) 

But fince the Planes AG, HG, meet the Line 
of Direction KG in the fime Point G ; the Body 
falls upon both Planes with the fame Degree of 
Velocity, vix.. that which is acquired by the 
Defcent through KG. Therefore the Strokes 
made on the Planes AG, HG, after the Defcent, 
are the fame as if they were made in the fame 
Direction, and upon the fame planes, with 
one and the lame Degree of Velocity, in equa- 
ble Motions. B«t if they werdmadc with the 
fame Velocities in equable MotionSj, the Stroke 
upon AG would b« to that upon, tjii:^, a^RA: 
KH (by Cer. ly. Prc^. L) i' " V/ ^^; " 

'Therefore the Strokes arc in'thte i^&'fto- 
portion now ; that is, direftly as the Alti- 
tudes of the Line of Dirc^ion above tl|e Two 
Hanefe. <l:.Y.:b. 
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A B^i^ntdiug^bf^e^^iine cf its Gr/hi 
vi^i^lMieiiofDarii^iontfune^udl^th 

high ; the Mtgnituiks ^ih't ohlique Strokes 
A<?.;% ^^f'f^^^X^f^ Ufigtks of the 
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ir TETTtlic Body (f/<7; VlL)dcfcendiA.U^ 
JLi Direftions KG, KI, and let the Angles 
AGH=IKG; then ball the Angle KGH=KIA. 
Now becaofe the Velocity gotten by Defcent 
thro' KI, is equal the Velocity gotten by De-r 
fcent thro' KG, (by a fbremention*d Thear. of 
CMdiu^ and becaufe the Angle KIA is r: 
KGH i therefore the Stroke with the Diredi* 
on KI upon GA, is equal the Stroke with th^ 
piredion KG upon GH : For th^ Uftes of Oi* 

rcaioa 



W .-re^ioti make the fame Angles with the Planes, 

■ «jia the Body fells upon them with the fame De- 

■ greeof Velocity. Eut(byriew.IV.)theStroke 
with the Direftion KG upon GA, is to the 
Stroke with the fame Direction KG upon GH, 
as KA to KH ; that is (becaufe of the fimilar 
Triangles HKG, ARI) as Kite KG. There- 

I fore alfo the Stroke with theKredion KG up- 
on GA, K to that with t*ie DireftionKI upon 
GA, asKl to KG; that is, iciciptocally as the 
Lengths of the Lines of Direaion. Q.: E ■: D 



T H E O.K. VI, 



'pffiverfiffji ; J^nj Two (Clique Strokes given 
hy A Bo^, defcending hj the Force of iU 
, .(^raviij, 4re tn the Ratio amfmttded (f 
J . gT the dtreii Ratio (f tke ffttsre Roots (f 
the Cuhes of the AltituiUs, snd the red^ 
p-Qcai Ratio vj the l^ftgths of the Lines ; 
of DireBi»v. 

This isdcmoaftrated by" the Third and Fifth 
TheiwttBS.: -. 1- .j.t: i 

N. Sf In like manner .we may demonftrate 
Theorems for the Quantities of Strokes, when 
the Motions are perform'd according to any '] 
other Law of Acceleration -, as when the Velq- ■ 
cities are in the Diiplicate, Triplicate, or any 
pther Multiplicate or Swb-muUipHcate Ratio of 
the 



C 44] 

the Times: Conceroing vfhidi Tee Dr. (T^ffir's 
jProp. 5. C4p. 10. -De Motit Prtjeftorxm. But fuch 
jyiQtians as thefe not being aay where fouud in 
^ture, wc'U pafsorer that Speculation. 

- ;rn S C H L. I. 

■ -..(Tbe Proportions relating to the BuCnefs of 
Ecrcuffion, already prov'd in the Corellariei 6i 
Frpb.l. may be aptly enough compnted by a ge- 
qeral CdculMy afeer this Maaner. Let D. d- 
exprefs any dired or perpendicular Strokes- V. 
V. the Velocities with which they are made 
refpedively. O. 0. the correfpondent oblique 
Strokes, made with the lame Velocities as the 
perpeadicular ones. H. h. the Hypothenufa's or 
longer Sides that expound the direft Strokes. 
P. p. the fliorter Sides or Perpendiculars (from 
the Lines of the oblique Diredions to the 
Planps upon which the Strokes arc made) which 
expound the oblique Strokes. M. m. the Mag- 
nitudes or Bulks of the Itriking Bodies, which 
we fuppofe to be Homogeneal. And let it be 
obferv'd (which I meation here once for all) 
that all the Quantities exprcfs'd by the great 
Letters do belong to one another, and fo like- 
wire thofe cxprefs'd by the little ones. Thns 
d exprefTes the direft Stroke made by the Body 
whofe Magnitude is m, its Velocity v, the 
oblique Stroke made by the fame 0, the Line 
that 
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that expounds that diret^ Stroke h, that wiiieh 
expounds the oblique;. Andfoof the otheri, i 
It's obvious, that if M-m^ then D : d'r: -i 
V : t/ ; and if V=:v, then D: ^: : M : w; ^fi> j 
that univerfal]yD:<^:: MxV-.mxv; the Mag- I 
nitudes of auy Two direct Strokes are in tte J 
Stuio compounded of the dire& Raties of ttie I 
Magnitudes, and the Velocities of the moviog 1 
Bodies. Therefore if D=«^, then MxV= «*(**, 
and M : m : : v : V ; if the Magnitudes of the 
Bodies be reciprocally as the Velocities, the di- 
red Strokes fliall be equal. Again, D : O t: 
H : P, and d: o ■.-.hip^ (by the general Thtoif. 
found at/rot. I.)but univerfaljy D; J::MxV: 
»xt-, therefore M*< V : O : : H : P, and mxi : 
• :: h: py and coafequeatly O : o ;; MxVjtP : 

mxyxf lu^sec&l^ . Tiiat iSy the. ^gnitodf^ 1 

of any oblique "StfOkes ate In the JUtcfo' ram- J 
pounded of the dired Ratio of the perpcndica-l 
lar Strokes, the dired ^*»f <o of the Aaltitudtt, j 
and the reciprocal Ratio of the Lengths of'tnel 
Lines of Direflion. Therefove if MxV=TO>tv» i 
thatis,ifD=<^,ihenO:e:;^-|.;: pxfe;;xHi^ 

that i3,the oblique Strokes are in th^R/nio ooih- 
poundedof the dired Ratio of the Altitudes, J 
and the Reciprocal of the Lengths of the Linc»,l 
6f Direflion ; as was demonitrated at Or. VhT 



ihicwn at Cor. V. If Hi;k tfteh T) : (> : : p :'/?. 

which was proved at Cor. Ill If 5.:^ f , that 

is if P : /> : : H : fc, that is, if th« RcftangUlfat 
Triftiiglcs be fimilar (and fo the Angles of vhe 
liines of Dircdioa upon the Planes be equal) 
tlidl O : •: : ^MkVr^^v : :) D r ^ as was de- 
mojiftrated at Cor. I and ermplified iQiotim 
jwrticttlar Inftanccs at Cor J Vll. Laftly, To 
ikid an oblique -Stroke equai^to a dired one 
made with * Itfs Degree of Velocity, that is, 
the oblique Stroke! equal to the direift Stroke 

I •T.s dor. .hat ^S'li-bul 0= P. 

** d wHv a H m^^v 

. Tbcrefocc if it be the fame Body, that is,, if 
M?:iff, then Q i^d : : Px V : Bxt/ ; cbniequently, 
if O ^li. then PxV= Hxt^, or P: H : : V : V. 
That is au oNique Stroke is = to a dired one, 
made with a Velocity as much lels than that 
with which the Gjpdy moves in the oblique Oi- 
reftion •, as tte fierpendicdat P islefs than tSie 
Hypotheoufe H^ , whi(;h i^ :(22r;. IX. . 
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To carry this op to Strokes made by Mor 
tions uniformly accleratcd: LctusTealTumette i 
unifwial Analogy before laid dowii,«i3L. D : tlii \ 
MxV; CTMi'. Where ii needs only be not<d,vbat 
the Quantities V. v. which befone exprefs'd the ' 
uniform Velocides in equable Motions, do mUd J 
exprefs the Velocities gotten by the Defcent* J 
(in accelerated Motions) at the Points whenfl 
the Lines of Direftion meet the Plane. B^l 
Thtor. I. thefcAnalogie3holdgoodintheCa&.T 
of acceletated Motions too^ ^>x. D:0:;H^ 1 
P,and (i: «.;fc:j>- AadtherelOT*(aswaslhcwf 
in the Cafe of equable Motions ia.th« fc»:egoa% \ 
CoIcmUu) MxV:Q::H:P, ^nd rjt>tv:o::h.-f, { 
But^.fromthe known Lawof GMvity)'iis-Vt j 
V .- ; pi : p* (the Velocities are in the SubdupKt* \ 
cate Ratio of the Lines of D«fi;eats>thcrefo^ ; 
M^P*: 0.::H.-P, iod mx^ : o -• : h ,■ p. Thereb.j 

fote 0:c: .a^ : ^ univerfally. That IL 
the^MagnitDdesofany TwoobiiqncStrokesaw 1 
in the Ratio compounded, of tfea dh-eft Ratio ot J 
the Bodies, thedirect ^^fioof the j Powers af | 
tlie Altitudes, and the reciprocal Ratio of the . 
Lengths of the Lines of Direaiont : Therefor? , 

if M=w,t&eaO le::— : ^ j whi(:h ^jy^^^lw 

,Sixth r/jwrm forgoing. If B=>V-lS]srf®i'i^: ] 

U„ .- -■■■-■ ^ '-L ■ ,■■ ■ .( Ms^aiiiiij :otU 



: ?-i as was defflonftrated at Thtor. V. ' If 

^ * 11 „ "' 

H=iEr, thenO;D::P': p*, as was Ihewaislij 

Thnr.m. lf^=|-,that is. If P:;::H!^^- 

(that is if the Reflangular TriaoglcS be iimilai!^ 

aad coafequently the Angles of the Liacs ^■ 

DiredioQ upon the Plaoe be equal) theo it niH 

bcO:0::P*:p^orO:#::H*:fc% which rfai* 

the CoroU. of Theor. II. Alfo becaufe V :«:'; 

p i : pi, therefore O : o .- : V : v but (putting 

T/,tbe Timesof Deftcnt) 'tis V-.vr.T-.t (fiom 

the Nature of uniformly accleratcd MotlpiiV 

therefore O :»:: T:f, which v9as Cafe II. iof 

Theer. II. aad the firlt Cafe will be as eafily' 

dcdnced in like manner. LaftlyjTo find an 

oblique Stroke ejaal to a dired one made with 

a lefs Degree of Velocity, I proceed altogether 

as ia the CmIchIk* for the like Cafe, in the 

Hypothcfis of uniform Motions^ and fo come in 

general Terms to this Concluiion (there inve- 

ftigated)that 0=</, whea PxV^Hxv; that Js^ 

whcnP:H:;i'; V. And this is the Corollary xn 

Thtor: I. about Motions unifbrralyacclcrattEF. 

And why I may by the very fame Steps advanrt 

towards the Concluiion, in the Cafeof accl?- 

rated Motions, that Idid in the Cafe of equable 

Motions, Idare prefume is evident to any one, 

that coafiders but the foregoing Lemma^ and 

tbe Thwrm that immediately fiicceeds it. 

But 
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But now to work morfe particularly and di- 
redtlytp.dkUrmine whereabouts a heavy Body 
in its perpendicular Defce^it (hall acquire fuch a 
Degree of. Velocity, as to make adireft Stroke 
equal to anobliqoe oaej that is, where Q Jhall 

^^. It's plain, that '^=^-^ y » but(by n^or.I.) 
=r-=:Q:v3ndP=:_y (by what has been Ihewn 

already) and _=; Ll (by the Law of Gravity) 

V f ^ 

/•OP P* P * 
Therefore — ±i \— - - =77— r conrequently 

d H f 1 H^^ii 

0:rf::P^*; Hxp^. Therefore when 0=^4. then 

*^:=Hx/*, and fo P : H : .7' : P^ Therefore if 
<F/C7. V.) we put AF=P, and AD^H^ thenp 
(=:AH the Length in the Perpendicular that is 
fought) muft be fuch, that AF : AD :: \/aH: 
\/AF. But AF : AD: : AC : AF, therefore AH 
or p muft befuch, that AC : AF ;: \f AH. \/ 
AF. That is fputtiugAE=AC) We mull have 
.AE^ : AF^ : : AH : AF, or AE^~ AFx AH, and 

. 1 < i • ' ~ 

fp the Lines AF. AE. AH miift be continued 
Proportionals \ which was the Conftruction be- 
fore proposed. And the Ambufit 6f it is no 
more than, to let fall, the Perpendicular CH 
from the Point G, which determines the Point 

H that vSas fought^ fince'tis certain (froin.tbp 
fimil^r, Ttiangles) that A^:' AG:: AG: (or 

^E) AH. Q.: E : I. 

E Ha- 
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SCHO.L.n. 

^ Having at Theer. II. made fome Gomparilbn 
between the Times of a heavy Body^s Defcent^ 
and the Magnitudes of the Strokes made upon 
a Plane after thofe Defccnts j it may not be a* 
iqifs to purfue that Matter a little further. All 
the Symbols Handing as in the foregoing Scho- 
Hum:, letT, tj exprefs Timesof Defcent, in 
the oblique Lines H.h. 

I . Tis certain, that when r r. ^» 
P=p,thenO:.::^:H {By7^«r.s. 

But alfo when P = p7 tljcn rBy Theor. 3. 

T:t:: H:h ' IGaliLiiDial. 

Therefore in this Cafe the Qpantities of thf 
d^Uque Strokes4re reciprocally as the Times of 
Dcfcont. 

zAfH=^hytlienO:o::P* ip^lBy near.i. 

But alfo when H=A,thcfl T : r ; : c By Themr. 4, 
f*:P4 1 Gain. 

Therefore in this Cafe the Quantities of the 
pbii^nc Strokes are reciprocally as the CubA 
of the Times of Defcent. 

3. When neither H=i!?, Dor P=/»r 
then univerfally O : ^ : : Axp^ : Hxpi 1 Bj^^^-^- 
BMt^ti^ alfo qniverfally, T:t :: ^hYTheor.^. 
lixfi'.hxpi l^ Galil. 

So 
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So that the Magnitudes of the.0bli^Uii Strokes 
are univerfally in the Ratio compounded, of the 
Reciprocal, and the Triplicate Reciprocal Ratio 
of the Times of Defcent j that is. Reciprocally 
as the Biquadrat es of them. And this Rule may 
be laid down as an univerial one to exprefs the 

Proportion in Lines, viz..^SL :_Z. : --till . 

t H •></>' • 

ixpi 

s c H i. lit: 

The Quantities of Strokes made ppon Curves, 
maybe computed as well as th6{e upon right 
Lines. For the Stroke upon any i^oint of a 
Curve is the famfe with that upon a Tangent at 
the fame Point : Since the Declivity of a Curve 
and its Tangent are the lame at the Poin* of 
Contaft. Trof. 1 5 . Caf. 2. of Dr. Walli6\ Me- 
chimich. Upon this Head therefore I think it 
not improper to fubjoin a theorem or two. 
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T H E O R. VII. 

In a Circle, the oblique Stroke made upon the 

Curve at any Point as E (¥IG. VIIi:) 

with the PifeSitm.of.the Ordinate to that 

Point FE; is to a dire£i Stroke made ai 

" the fdnie 'Pointy and nith the fatne Veloei- 

'" ty' (rvhich 1 every where fupfofe} .as the Or- 

\ \dinate ?U(P ^f>« Radius EA. ,■-. 

LEtting fen FH perpendicular from F to the 
Tangeiit IWE ; 'tis plain by what hasbeea 
ftewil, lliattfie oblique Stroke upon the Plain 
'me; with the Diredion FE, is to the direft 
one as FH :* FE. But the Stroke upon the Tan- 
gent, and the Curve is all one at the Point of 
Contaft E j the oblique and direft Strokes 
therefore upon the Curve arc as FB and FE. 
But the Triangles FHE, AFEare limilar ; and 
FfF:iFE : : FE : EA. Therefore, &c. a: E : D. 



Cor. 



Cor, I. 

The oblique Stroke upon the Curve at E, 
with the Diredion FE, is to the direft Stroke 
at the fame Poiat ; as the oblique Stroke upon 
the Plain at A, with the Diredion EA, is to 
the dired Stroke at the fame Point A. For both 
Proportions are that of FE : AE. 

Cor. IL ' 

The oblique Strokes made with the fame Ve- 
locity upon the feveral Points of the Curve, 
and with the Direftions of the Ordinates ; arc 
one to another direftly'as thofe (Drdinates, or 
as the Sines of the corefpondent Aplies* :Thu%, 
the oblique Stroke at E/ is to that at C, as the 
Sine' of the ArtH'j:^, t6 the Sine of th? 
Arch^LC; 
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,T H E O R. VI. 

Xhe Mfqi^f Strokes made ufon the Curve^af^ 4 
Pdr/Aol^y rpith the DireHions of the, Dia-^ 
meters ef that Parahld ; are ever in, the 
Subdufticate Ratio of the direif Strokes. 

LEt GE be any Diameter of the Parabola 
BGH (F/C^IX.) whofe Axe is BL, Ver- 
tex B, Focus D. Conceive a Stroke made in 
the Direifiion EG, upon the Curve at G, or 
which is all one, upon the Tangent GA at that 
Point. Draw DC perpcmdicular from the Fo- 
cus to thcTangent 5 likewife EF perpendicu- 
lar to the fame from the Point E. 



' By 
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^What has been hitherto (hewn, the Mag- 
nitude ofthe oblique Stroke at G is to the Mag- 
nitude of the dired one, as FE : GE. But from 
the Nature of the Parabola, the Angle FGE is/ 
always = CGD, and thofe at F and D are right- 
ones by the ConftruSion ; therefore the Tri-'t J 
angles FGE, and COD are always fimilar,''^ 
Therefore fince FE : GE : : CD : DG, the Mag- 
nitude of the oblique Stroke, is to that of the 
dired always as CD : DG, But from the Na- 
ture of the Parabola DG is ever as CDl, that 
is the Diiftanceof any Point in the Curve from 
the Focus, is ever as the Square of the Perpen- 
dicular from the Focus to the Tangent at that 
fame Point (whii,h Property our CcUbrjttcdjiii' 
thor demonftratcs at Lan. 14. Sett. 3. Lib. 1. 
and which we fhall afterwards give the Invefti- 
gation of.) Therefore the oblique Strokes are 
ever in the Subduplicate Ratio of the dired 
ones. Q.: E : D. 

C O R. I. 

'Tis manifeft that the fame Proportion holds 
with refped to the oblique Strokes made with 
the Diredions of Lines, drawn out of the Fo- 
cus to any Points in the Curve. 
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, . • -co-R. 11.. :'''::'■■■■'■ 

* 

.If ithfi direft Strokes bj: made with the fame 
VdoCity and fo be equal, the oblique ones (hall 
bc.iequal:all over the Parabola. For tbey are 
ftill in the -a Ratio of th^ dircft ones j qnd to 
be ever in any- certain Ratio of Equals, is to be 
always equal, 

T H E O R. IX. 

. . . • < 

Jf the Curve in -F I G; IX. rvere either cf the 

' other Conick Seftions, om of whofe Foci 

were D, od before^ and the other FofiUS were 

at the Point E (faffing either within or. 

. without the SeSfipnJ the Proportion of the 

: dire^ and oblique Strokes made upon the 

. Curve wou^d be as before^ viz. as the dP/- 

.jlAnce from either Focus to any Point in 

the Curve is to a perpendicular from the 

fame Focus, let fall upon the Tangent at 

that Point. 

THIS needs no Demonllration. But then^ 
as in the Ellipfes, the Perpendicular from 
the FocHs to a Tangept at any Point is ftill in 
lefs, and in the Hyperbola ftill in more, thaa 
the i Ratio of the Diftance of that Point from 
the Focus (of which we may have Occafion to 
fpeak more hereafter) fo in the former Curve 

viU 
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wi\V:J)ie5)bliquc, Strokes jCmadc with, the Di- ^ 
reftioos of Lines drav?n. from tht FocHi)\K ftill 
in.ljqj^gadia the Hyperbola ftill in more, than 
th^iRatiiKof thedire3t ones. 

^But l^Cball novy ;pix)ceed to the Explication of 
thc:-^evhypiici Powers. 
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^ Body, being, feiftjinld by a Pomr {ading 
with ajty given Direct jop) ufon an encUn^d 
Flme\ '^fis required to find the Proportion 
of the Pomer tor the Weight of th^ Body. 

I..ET.the WeightA (FIG. X.) be held up- 
^ on the enclin'd Plane HF, by a Power 
adiing v^ith the Direftlon AB. Let AE be. per- 
pendicular from A (the Center of the Body) 
to the enclinM Plane, and produce it to C in 
the Horizontal UncHG. Draw CB (perpen- 
dicular to HG^ or parallel to FG) to cut the 

Line 
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LIhe ofltArtSdon in E: And Laftly, (tb con^ 
pleat the Parallelogram) dravr the Lines GD 
and AD, parallel toAB and BG refpcdirely,' 
The Body now is to be conceived as foftainM by ' 
Three i?o^ers (one of which is eqoivjdebt to 
the other Two) one, the Poww, wbofe Di- 
reSion is AB j the other, the Force of Gravity, 
whofe Diredion is AD ; and (in the Room of) 
the third, the Refiftance or Contranitence of 
the Plane, whofe Diredion is AG perpendicu- 
lar to it. Therefore (by the third general 
Theor. after the Laws of Motkti) the Power at 
B is to the Force of Gravity, as the Sine of the 
Angle GAD, to the Sine of the Angle ACD j 
thatis, asGD:DA. Q;E:I. 

Cor. I. 

If the Line of Dircftion AB were parallel to 
the enclitfd ' Plane HF, then the Angle CAB 
would be a Right one, for AG is perpendi- 
cular to HF. Gonfequently the Reftangular 
Triangle GAB, will be fmiilar to the Ref^w- 
gular Triangle FGH. From thence AB : BC : : 
(that isjdb: DA::) FG: FHj fo that the 
Fower is to the Force of the Weight, as the^ 
Sine of the Angle of Elevation (FHG) to the' 
Radim. 

♦ 

Coi^, 



i 
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If the Line of Direction AB were parallel tq 
the Bafe HG, then the Angle DAB vvcmld be « 
Right one i and confequently CD : EiA : : FG ; 
HG i and fo in ibis Cafe the Power is to the 
Force of the Weight, as the Sine of the Angle , 
FHG, to the Sine of the Angle HFG. 

Cor. in. 

That Pawer which fliftalnsa Body uppnai;^ 
enclin'd Plane, having its Line of Dircciioii , 
parallel to the Plane ; is lefs than riie Pftwefi 
which fuftains the fame Body upon the fajjjs 
Plane, with a Direaioa parallel to tlie Bafe. 
For in the former Cafe the Pioportion is as 
FG:FH, and in the latter as, FGi HG- Ai^ i 
'tis evident that 'ti5 asmuchIel3,asUGis.h:fs - 
tfaanFH. 

G o R. IV. 

The Force by which the Body endeavours, to 
defcendupon the enclin'd Plane, is to the Fovea 
by which it endeavours to defcetid in a Perpea^ 
dicular, as CD : DA univerCilly (which may be 
eafily detemiin'd to the particular Gaies o( i 
Cor. 1. and II.) For the Power is to the abfo-f 
lute Force of the Weight <t^iatby which it ea» 
deavotirs to defccad io a perpendicular di- 
rection) 
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region) as CD : DA, by what has been fhewn. 
But the Power fuftaias, (and tMerefbre is equal 
to) the Force by wbich.it eadcavours tode- 
fdend upon the eafcUn'd'Plaqfe. Thcfcfbrc tbefe 

Forces of the Body are alfo in the fkme Rm9. 

' ■ , . . . 

Co R. V. ■■'■■ 

From the fame Principles we may compute 
the Proportions oF the Power tofhe Gravity of 
the Weight j when the Inclination of the Plane 
(upon which the Weight is fuftain'd) is conti* 
nually changing'^ . that is, when we imagine the 
Body to be held fucceffively upon the feveral 
Points of any Curve Surface \ in which Cafe 
the Tangents to thofe Points, ate the changing 
cnclin'd Planes that we are to confider. 

Thus we may conceive the Line HF (FIG. X.) 
to be the Tangent of fome Curve (whofe Ver- 
tex is in fome Point between F and G) FG the 
Subtangent, and HG an Ordinate froriithc 
Point of Contaa H. Tis evident, that to 
fuftain the Weight A continually upon the 
Curve, there rauft be a different Power for 
every different Point where, it refts. And the 
Proportion of the Power to the Gravity of the 
Weight; for every different Point will Be as 
the Subtangent to the Tangent, in the Cafe of 
Cor. I. or as the Subtangent to the Otdinate, 
in the Cafe of Cor IL Therefore applying the 
Subtaqgents and the Tangents, or the Subtan-^ 

gwts 
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geuts, and the Ordiaates, to fome comraoa 
Axe; the Curvilineal figures thence ariling, 
will give the Summatory Xtf/i'uof the Powers to 
the Force of Gravity, for all the Points of Ap- 
plication thro' the Curve, the Pondtu refts upoa. ' 
Ex.gr. ' ' 

If FH were the Tangentof a Parabola, whofej 
Parameter z^r, and AhftiiTe =*. The Sulj- 
tangent than will be = ix^ and the Tangencl 
= y/ j-.v-l-4.VAr, or taking the Halts of both, We I 
h3.vex,and\/^x-\'x.v, for the Ordihates of I 
TwoCurves. Applying thefc continually thcrg- j 
fore to the Abfcille (x) of the Parabola, wff| 
fliall have an Ifofceles Triangle, and an equitt- I 
tcral Hyperbola -, tor 'tis plai n that V ' x^\- *#■.■ 
is the ExprelTion of the Ordinate of an eqiiilil- ] 
teral Hyperbola, whofe Tranfverfe, Conjugate | 
or Parameter are eiiher of them equal io — . j 
If the Line of Direftion were parallel to tfeo | 
Bafe HG, which is the Ordinate j then I 
Curve being fuppofcd a Parabola, as before, tbel 
Two emergiiig yireai, would be an Ifpfcelej \ 
Triangle, and that very fame Parabola, bofb ] 
having the fame Abfcifie (x.) And in sitherj 
Suppofition the jiyeas thus made exprefs th« 
Xatio Tetalit of th« Tuft^igiiig gowers to tbot] 
Fbrceof Gravity.. , ;-....rj-; - , 

' ' ',to 
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raogcneal Bodies are proportipakl to their Mag- 
nitudes or Bulks) thferefore'M^'A=>/»xL, and 
fo M : i» : : L : A. That is, .4 Body as much 
lefs than the Body propofed, ias the Height of 
the enclin'd Plane is lefs than the. Lepgth of i^, 
will be that requir'd. Q.:E:.L ^ . ^ 

If the Momentum of a E^qdy held upon an.en- 
clin'd Plane were not to be equal, but in, any 
)?4r;a affigaM,^ to the abfolute MoYncmumoi a- 
nother Body , Ex^gr. in the Ratio of p: g^. Then 

It wou'd be -"Y"- ' I'-p-^i amgxp=z - — ~^^ 

that is, mxp=: —j^^ from whence M: m:: 

f : . ^f ' • Lx/^ : Ax J. That is, the Bodies mult 
be in th^ Ratio compounded of the dired Ratio 
of L to A, and the DireO: of p to ej. Ex.^. 

GxA 

Suppofc p\ ^ : : G : -y-- (that is, as the abfo- 
lute MomtntHm of the Body M, to its Momen^ 

tkm upon the enclin'd Plane. Then ^-y— ' 

^ GxA. ^u ^ • t> GxA G^A 
^::G:-j-, that is, G: "-£7---:j^: ^ in 

which Cafe the.A/^;^tf»fise?/i:of the Body M 
upon the enclin'd Plane, comes to be a mean 
Propotional between its own abfolute Mfh 
mentHm and the B^yKiMt^ Moment urn of the 

G^xA* 
Body;;?. Therefore Gx^=: - ^, that is, 

£XL'= G^ AV or by equivalent Subftitution; 
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=MxA' i from whence M -w:: L': A' 
That is, if the Body M be to the Body w, as the 
Square of the Length of the Plane, to tiie 
Square of the Height ; then the Moment urn of 
the Body M upoa the enclin'd Plaae ihall be a 
meaa Proportional, between its own abfolute 
MomtntHm, and the abfolute Momtntitm oi iht^ 
Bodywj OTf^iceFaf'i. 




p R o B. ir. 

Glohe refimg ufon Two emlii^d Planes, 
which cut one another at Right Angki ; V« 
required to paii what Fro fort ion t>f the Pref 
furtj or Burden each PUne [u^Ains. 

ET the Globe H relt upon the Two en- 

clin'd Planes (JIG. XI.) AC and CD ; 

and let the Angle ACD be a Right one. Ufing 

the Symbols as in the foregoing Ssh^l let G ex- 

F prefs 



11 
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prefs the abfolutc Gravity, or total Momentum 
o( the Globe, which is fliared betwixt the T*wo 
Planes (each oJF which bfears its Part) but in 
what Proportion, we are now to determine. 
Let AC=L, AB=A: DG=/,DE= VI, according 
to the Intent of the Schol. The Angle ACD 
made by the Two Planes, being a Right one by 
thfe Hypothecs, His evident, that tlie Qjiadrila- 
teral Figure GHFC is a pcrfed Square ; or^ 
which is all one, that the Lines. IHF, KGH> 

which are the Lines of the Diredion of the 
Globe's perpendicular Preflure upon each Plane, 
arc parallel to thofe Planes refpc^vely j viz.. 
IHF parallel ^ to AC, and KHD parallel to DC. 
Audi that this, cou'd not be, were the Angle 
ACPan acute or.^obtufe one, is obvious to 
any pne that conitders the Matter. From hence 
thsf{ it follows^ that each Plane perforips to 
the otherj the Office ofaPowefafting Witha 
Direftion parallel to the Plane, Thus the Plane 
AC fuftains all that Force of the Globe, by 
which it endeavours to defcend upon the en- 
clin'd Plane DC, and which Force, if the Plaiie 
AC were fekea away, or Powers (acting with 
tbe. Dirediofl KG parallel to. the Pl^iag I?C) 
wou'dfuftain. So like wife the Plane DCa^jfu- 
ftains the Moment nm of the Globe upon the Plane 
AC, which Moment Hm wou'd bebaUanc'd bja 
Power adiftg with the Diredion IF parallel to 
AC, if the Plane DC were rewov'd; But be- 

■ X . , - fides 
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fides there PrcfTure?, each Piaac is biirden'd witR 
one of another kind, and that is the DitFerence 
between the total abfoliue Momentum of the 
Globeand'that relative or partial AfomentHtn 
with which the GloJie endeavours to defcend up- 
oa that Plane. For if either of the Planes were ta- 
ken away, and a Power was fubftituted in the 
room of it ; then tho' that Power fuftain'd the 
Burden which prefs'd upon the Plane before, ytX 
the Body (till refting upon the other Plane, that 
Plane is prefs'd by it j and the Quantities of 
that MomeniHm by which the Plane is prefs'd 
iscTidently what was juft now afferted. To 
ftate thefe Propcittions therefore, 'tis certain 
that the MomtntHm by which iIk Globe endear 

vours to defcend upon the Plane DC, is — - ,— \ 
this the Plane AG fufirains. And the Momemum 
by which the Globe endeavours to defcend upon 

the Plane AC, is,-^:^-, this the Plane DC 
fufiains. But the Plane DC fuftains alfotbe Mo- 
mentHm G — ,— •■, and the Plane AC fuftains 

2!Sot\iz MomcntumG — '1-. Therefore the 
whole MomtntHWy with which the Plane DCis^ 
burden'd, U Ji'^^-Y^iL-^'lt ; and the wholiJ 
Mcmittum with vvhich the Plane ACisbur*! 



den'd, is = 



And the Sum 
of 
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o^ thcfis Two Aggregates of MomenU (with 
which both the Planes are burden'd) cafHng 

offContradiaorids, will be = ^d!^:^^^lbh^ 

1 G — to twice the abfolute MomentHm of the 
Globe ^ which is abfurd and impof&ble. For 
the abfolute Momentnm of the Globe is parted 
between the Two Planes j and what they fu- 
ftain cannot poffibly exceed that. We are there- 
fore (as the excellent Mr. Leibnitz, Ihews jia* 
Mff. for Novcmh. 1685.) to take the Halfs of 
thefe Sums of Mpmenta^ or (which amounts to 
•the fame) an Arithmetical Mean betwixt them.^ 

A 1 . , .11 1 G><A G-^/— G-^/f 
'And then they will be -p-^ ^— -, and 

*Gx4 , GxL— GxA , ^ i- I.- L • ^ 
-t-lA ? 1 the Sura of which is = O, 

the abfolute MotnentHm of the Globe. The Afo^ 
fnentam of the Globe then, with relped to e^c^ 
plane, is determin'd. Q.: E : F. 
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p R o B. ni. 

I TiW Powers fufiiinittg each other upon a VeBu^ 
'tis required tofnd the Proportion of one ta 
the other, 

LET BC be a VeSis, (f /ff-JXII.) whofe Ful-- 
cinient is D, and let the Powers K and I; 
adiag with the Directions KB, IC, fuftain each' 
others Forces,or be in Equilibria about the Fulci- 
inent D.Produce the Lines of Direction till they 
meet in A, and draw AD: Likewife draw DE, 
DH parallel to the Lines of Diredion, and pF, 
DG perpendicular to them. The Fulciment. - 
or fix'd Point D, is here in the Read of a Third 
Power, and its Liueof DireftionisDA, drawil , 
from D to. A, the Concoiirfe of the Lines of ' 
Direftion of the other Two Powers I and K. 
TheVe6:is therefore being held fteady by theft 
Three Powers; Two of them (which draw it 
with the Direftions from A to B, and from A to 
, C) deftroy the EfTecl of the Third, which is 
tobeimaginedtodrawit witha Diredion front - 
Dto A. For the Refiftancc of the Fulciment 
D (as the Ve£tis is prefs'd down upon it by* ' 
the other Two Powers) is as much as another 
Power drawing it upwards, with a Direfiitm 
from D to A, the Concourfe of the other Two 
pire^ions. Therefore (by Or. II. of Thcar.Ul') 
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Power I : Power K : : Sine Angle HAD : Sine 
Angle EAD (or.HDA) that is, as HD: ED. 
But now the Triangles HDG, EDF are iimilar j 
for the Angles at G and F are Right ones by the 
Conftru(^ion, a^bQcaufe of the ParaUelogram^ 
AED=AHD, and confequently FED=GHDi 
therefore the Triangles are fimilar. Therefore 
Hp : ED : : Gp : FD, and confequently, Powei 
I : Power K : : GD : FD j that is, the Powers arc 
ifociprocally as the Diftances of their Lines of 
Dire<£iion fronl the Fulciment. Q : E : I. 

Cor. i. 

If the Lines of Direction BK and IC were 
parallel to each other, aad perpendicular to the 
Horizon, then GD and DF would be coincident 

with DB and DG Therefore then the Powers 

ft 

wou d be reciprocally as the Diftances (of the 
Points of Application) from the Fulciment. 
When the Lines of Diredion of the Powers 
are parallel in the Vectis, then if inftead of 
Two Powers, there were Two Weights ap- 
pended to the Points B, C, the Machine wou'd 
become a common Libray the Law of which 
would be as in the foregoing CoroUary^ viz. 
The Pondera (being iaE^Hilibrio) arc recipro- 
cally 4s their Plltances from the Cej^tf^r of the 

From 
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Fig. I J. 



From the Explication oftheVcdlswemky 
without any further Trouble, deduce the Pro- 
perty of the Wheel, or the Axis iij Peritrpchib, 
For if DC be th^ Radius of the Axisto whicli 
a Pond$u is applied in C ; and DB the Radim of 
the Wheel, or outer Circle it &lf, to which i 
Power is applied in B. The Line GB then may 
be confider'd as a Vedis, of whix:h the Fulcir ^ 
ment is Dj and the Power ballancing ; the 
Weight, that is, the Machine being held per*' 
fedly fteady and immovable,, thQv?roportfOi| 
of the Power to* the Weight.- fvHl be always 
as the Difta4ces of the Lines: of Diredi^q 
from the FulcimentD, reciprocafly^ that is^ as 
DB, CD reciprocally, or, which is all one^ 
thofe Diftances being the Radij,^ they will hz^i 
the Peripheries of the Wheel and.thc Ax re^i* 
procaHy. Q.:E:,J. 

' f ,4 . ■' ,:. From 
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. From thcfc Principles arc alfo to be deduced 
the. Powers of thofe Vulgar Machines, Scidars, 
Pinchers,Shcers, Forcipes, the Crane, the Gim- 
blet, the Hammer (as ufed and applied to the 
drawing out of a Nail) with various others.Thc 
Four firft are manifeftly a Pair of Vefkes, placed 
crofs-wife, and interfering each other in their 
common FnlcrHm, Thus if ab CDE reprefented 
a Machine of that kind, where ba is the Obex or 
Body to be cut or comprefs'd, then DC and 
EC being imagined to be produced diredly to 
d and ^, wc have here Two Veftes in a crofs 
Pofition, vlsL. DCa^ and EG^, the common Fulr 
ermn of which is C (the Center of the Rivet) 
and the moving Powers being applied at D and 
E, the other Extremities ^, b, are applied to 
the Obftacle. From whence the Power of this 
fort of Machine is eafily eftimated. The Body 
and the moving Powers will fuftainone ano- 
ther, when the Power is, to the Difficulty or 

Re- 
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Refinance of the Obftacle, as the Diftancc of 
each reciprocally from C. As for the latter 
Machines, they are more immediately reducible 
to the Axis in Ptntrochio, tho' ultimately re- 
folv'd into the Veitis i The Power of the Ham- 
mer is, perhaps, equally explicable either Way. 



o / 

I Thus the Power {FJG. XV.) being applied in 

I A, the Extremity of the Handle, and the Ob- 

ftacle to be reraov'd or drawn out in B, then 

the End C is the Fulcrum or Center of Motion. 

And the Power moving in a Circumference, 

ivhofe Radita is CA and the Obftacle (.when 

mov'd) in another, whofe Radimi'i CB. Hence 

if the Forces (of the Power, and of the Re- 

I fiftance of the Obftacle) are reciprocally, as 

1 thofe Peripheries, or their refpeftive Radij 

(which are tiie Diftances from the Fulciment) 

they will fuftain one another, and be in E^ui* 

iiinrio. 



Tiie 
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The VedtsDf the firft fort has been hitherta 
e]^laia'd ^ and tbkt partly in it felfj and partly 
the Machines; that are nearly related to it. For 
foeh are all thofe that have been mention'd un- 
der this Head,iWilefs any one thinks it more 
pmper to reduce the Hanimer (applied to the 
Ufes jultnow mention'd) to the Principle of the 
recurv'd Veftis. However, be it which way it 
will, the Explication of the other kinds of 
Ve^es will not be improper nor unufeful. 



Fig. Id. 




Let (F/<7. XVI.) D be the Faldment of the 
Veftis BCD, and the Powers at K and H^ whofe 
Lines of Direaion are CB and HC, be cojnceiv'd 
to fuftain one another upon it. Produce the 
Line KB till it cuts HC in the Point A, and 
draw DE parallel to CA, till it meets the Line 
KBA produc'd in the' Point E, Compleat the 
Parallelogram AEDH, and draw the Diagonal 
AD. Laftly, From the Point D, let fell DG, 
DF perpendicular to the Lines of Direftions 

KBA 



^ 
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KBA and ACH. It will be prov'd all together 
in the fame Manner as in the Cafe of the for- 
mer Veiftisi that the Power at H, is to the 
Power at K» as ED ; DH i that is (becaufe the 
ReSangular Triangles DGE, DFH, are Crai» 
larj as DG : DF. Therefore when the Lines of 
Direftion AK, AC are parallel, and to the Per- 
pendiculars DG, DF coincide with DB, DGj^ 
then the Power will be reciprocally as thofc 
Lines j that is, reciprocally as the Diftanccs 
of the Points of Application from the Fnlci- 
ment D. 



Fk. 




, If inlleadof eitherofthe former, wehad the 
incurv'd VeQis BDG (FJG. XVII.) propofed, 

kin which the Fulciment is at the Point D, and | 
the Powers applied at B and C (ading with the 
Diredions Bl, CF) fuftain one another; thf 
property of this Machine will be found as ealify 
from the fame general Principle, For produ- 
cing 
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cing the Lines of Dircftion till they inttrfeft 
iH A, and then compleating the Parallelogram 
HADE, whofc Diagonal is AD : And, Laftly, 
Letting fall the Perpendiculars DG, DF, upon 
the Lines of Diredion, 'twill be proved, that 
the Powers are as thofc Perpendiculars recipro- 
cally. Confequently w hen the Lines of Diredi- 
qa are parallel, the Powers will be reciprocally, 
as the Diltances of the Points of Application 
from the Fulctment D^ taken in a Line parallel 
to the Horizon. 



Fig. 1 8. 




P R O B. IV. 

Ttvo Powers aHiffg with given DireStions 
fufisiffing one another upon a, Trochlea, ; if 
is required to find the Proportion of thofe 
Powers. 

SUppofe the Trochlea (F7<?. XVIII.) firmly 
fix'd by its Center E to fome Body that fup- 
ports it, withont any Motion. And let the Powep 

- at 
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at F and C,wbofe Diredions are FD^ CB, fuftaui 
oneanother upon it. Produce the Lines of Di- 
redioQ till they meet in A,andcoinpIcat the Pa- 
rallelogram ADEB,and let fall the Perpendiculars 
EG, EH to the Lines of Diredion, which being 
Tangents at H and G, thefe Perpendiculars will 
be RadiJ, from the Nature of theCircle. There- 
fore now (by Cor, 11. oiThcor. HI.) Power at C-: 
to Power at F : : as Sine Angle AEB ; to Sine 
Angle BAE i that is,as AB ; EB, that is, as ED': 
EB. But the Triangles EGB, EHDare fimilar 
(for the Angles at G and H are Right ones, and 
EBG = EDH, becaufe of the Parallelogram) 
therefore ED : EB : : HE: GE; and cojife- 
guently Power C=Power F. Q.: E : I. 

Cor. 

If the Lines of Direflion were parallel, the 
Law would be the fame, as alfo in this latter 
Cafe, if a Weight were fubftiruted in the room 
of either of the Powers. 
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Becaufe the Tangent AH, AG,are equal from 
theNature of the Qrcle,therefore Angle H AE=: 
; GAE; and fo 'tis prefently to be concluded that 
I Power C is = Power F. But to ufe the per- 
pendiculars from the Center to the Lines of Di- 
redion 
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rtdion is not only equally clear and demonllra- 
tive, bnt alfi). a Method valUy more general^ 
as being a]^IicabLe to other Machines where a 
CircleisofnoGonlidenition, and to the Cafe of 
parallel as well as convergiag Liiies of Diredi*- 
bo. Initances ci this were given in the Vedis 
Libra^ and Axil in PeritrocbU. The Trochlea 
it. felf is no other than a Vedis. And the Gafe 
fOft now confider'd^ is no other than that of a 
Vedis of the firft kind, in whiclrthe Fulci-* 
ment is equUy diflant from each Point of 
Sufpenfion. 



Hg-i9- 
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F 

P Two Powers aSii/ig xvith given Direliiom, 
fufiaining a Weight by a Trochlea ; V;j re- 
qttir'*d to fnd the Proportion of either ofthofe 
Powers tactile Weight. 

! 

LET thePowers(F/G',XlX.)atAandB(or | 
the PoweratA,and foineObftacIe wel! fix- 
ed at B) fiiftain the Poudf^ by the Rope AEUB. 
The Line of Direction of the Pck^m CF pafles 
thro' C, the Center of the Trochlea ; and thofe 
of the Powers, which are AE and DB being 
produced, concur in F. Then by Cor. lI.Tibfoi-.UI. 
Power A: to the expended Weight ^:j Sine 
Angle CFD; Sine Angle EFD. But AE and 
BD being Tangents, 'twill cafily be prov'd, 
that the Angles EFCand DFCare equal. So 
that the Power is to the Weight, as theSinft 
of 4 theAnglemadeby the Lio«sat'Direai«i 
to the Sine of that Angle it felf. Q.: E : 1. ^, 



When the Lines of Direftion EF, DF, arc pa- 
rallel, then EC and CD, the Perpendiculars to 
them, will lie in one Right Line. And this 
will be reducible to a Vettis of the fecond Sort, 
where one Power is applied between t!ic Fulci- 
ment aad the other Power. Coiifequcntlythc 
Power 



Power at A will be to the Weight, as the Kif 
Jiitt to the Duuneter ; that is, as i : 2. 



Fig. 20. 




P R O B. VI. 

Tim "Pouters *£f/trg with given Dire£iions, fit, - 
fiaifiit^ a fVe^bt (without a Trochlea) *tii 
requir d tofttd what Proportion they hear' ta 
one dnother. 

LET the Powers (F/ff . XX.)at I and K^whofe 
Direaions are KD, and ID, Tuftain the Pon- 
dtu D. Produce the Liaes of Direftion till they 
meet in the Center p. Compleat the Parallelo- 
gram AEDC. Then bj CorX\. TbeerMl the Pow- 
er at K, is to the Power at I : : as Sine Angle 
CAD : Sine EDA : : AC : CD, or AE. or which 
is all one, they are as AI-: AKj the Lines AK, 
and At being Ferpeudiculars from A to the 
lines of D'rc^on. 

Cob. 



TTrbmh! 
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from hence one may eafily compute the Pow- 
ers of thefe Rhombs, which the fam*ii BereSi 
confiders, in order to the Eftimation of the 
; Forces of the Mufdes i and that, whethef (iflgle 
'.or Ajmbin'd together io Chains, accordirrg to 
all the Varieties mention'd in feVeral 'PrSpofi- 
tioas in his excellent Book, De Metu Jtri-ma- 
linm. Forthe Proportion of UiePowers noton- 
ly to OM onother, but rilo to the Gravitj' 
of the Weight, is ealily deduced fj-oiii 'that 
Third General Theorem that has befeh fotofteh 
quoted already upon thefe Occafioiisl '''■ '' 
As for the Powers of the Wedge and' thb 
Screw, tho' they are not fa imtiiedia'tely and 
f^irefily expUin'd, from the general Principle 
of the Compoiition of Fprces, as thofeotMw 
that we hareconfiderM; yet they are ineliJdtfrt 
in it, being to be reduced lo fcmie one Headbr 
other that is immediately demonitratcdfrb'ni 
thence. Thiisfome People have referr'd both 
thefe Faculties to that of the cnclin'd FtanCi 
whileotbers(whateveMhey dowiththe Sicrew) 
Jiave reduced the Wedge to a jdouWe Vbftfs. 
3uElam fatisfied I can't do-better inthisMsj- 
;er, than to give Mr. A'eirfa;?'son"il Account «f 
itheai, and refervthe-Expiicatiofiof'riiejWeslpe 
rio that pf the Body pre^«g upo^iXwff.eDdli it'll 
G Planes 
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Planes making an Angle with one another, and 
make the Screw no other than a Wedge im- 
* pelVd by a VeSis The celebrated Dr. H-'allU 
deduces the Properties of thefe (as of the reft) 
irom his general Prop, wliich is P>i>f. 5. Cliaf. 1. 
I .of hisTradi, C* A/p(*. But from whkhfbcver 
of thefe Principles a Maa woQ'd explain the 
Powers of thefe Machines, he vijill come fothe 
fame Concl 11 lions ; viz.. For the Wedge; that 
when the impelling Force is to the Rcfiftance of 
the Obllacle, as the Tbicknefs of the Wedge, 
to the Height of the fame : And for the Screw ; 
that when the Force that turns the Screw is to 
the Refiftance of theObftacIe, as the Interval 
of the Two immediately fucceeding Turnings 
of the Spiral, to tiie Circumference defcribed 
■by the Power ita Oiie Converfion of the Screw: 
Ifay, that when it is fo, the Powers (in thefe 
vMaL-hioesJ will be equivalent to the Refiftances 
of the OblUcles, or (ifoncmay foexprefs it) 
there will be sd Equilibrium oi fovea and Re- 
fiftances. Or, as our Great Authourexprefles 
it, when the Force by which the Wedge urges 
the two Sides of the cleft Bodies is to the Force 
of the Mallet upon the Wedge, as the Progrefi 
of the Wedge according to the Determinatioa 
of the Force imprcfs'd upnn it, to the Velocity 
with which the Parts of the Body give way to 
the Wedge in Lines perpendicular t» the Sides 
oftheWedgc^ or when the Force of ttieScicff 
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toprefs the Body, is to the Force of the Hand 
that turns it round, as the circular Velocity of 
the Handle, to the progreflive Velotity of the 
Screw towards the comprefs'd Body ; then 
there will be an EtjuiUhrium, or the contra- 
ry Forces a^d Refift^nccs will fuftain one ano- 
ther. 

But this holds true in all Machines whatfo- 
ever, that any Agent and Patient, Force and , 
Refiftance, or contrary Force and Force, are 
then equivalent to, and will fuftain one ano- 
ther, when they are reciprocally as their re- 
fpeftive Velocities, eftimated according to the 
proper Direftions and Determinations of thofe 
Forces. For the Aftion of any Agent being 
eftimated by its Force and Velocity ponjunQly, 
and the Re-aftion oi the Patient or relifling 
Body, eftinuted alfo by the Velocities and thg 
Forces of Refiftance in thefevcral Parts (arifiiig . 
frorathelr mutual Attrition, Cofixfion, Weight 
or Acceleration) then Afiion and Re-a;1ion 
ftiall be equal to one another throughout all the 
Machines imaginable-, or, in other Woids, 
there will be an EquiUt^tHm. The whnic liullr 
pefs of Mechftnicks may therefore be brought ■ 
intoa very narrow Compars,and thePowersof 
all Inftruments whatfoever are included in this , 
onegeneral Analogy that follows. Let/-, r. ex- 
prefsany PQwers,movingForcc?,orForcesani ' 
Refiftaqces ; let the Velocity of p. be e^pr?rs'4 
G ? H 



[84] 

^ by w, and that of r. by n. Then if /> : r : : » : w, 

'llhfe contraty Forces will fuftain one another, 

' bicaufc" (upon this T5upp6lition)^ f^w» = y-^^. 

Thercforieif f^m > rxn j that is, if y >-^i 

then the; Force p. ihall overcome the Force or 
Refiftanccr.. Hence in any Machine the Pro- 
blem may \ft iblved, To move n. given Weight 
Xor to overcome a given Rejifi4^ce) with a given 
Force, . • 

And this one Application alone were fuf- 
ficicnt tolbew, how true and certain, how ge- 
neral and cxtenfive that Third Laxo of Motion 
is, which tells us, that Re-adion is ever equal 
to Action, &c. But this is but one Inftance of 
the life of it neither i there are feveral others 
befidesof no lefs Confequence and Importance 
than this, which the Great Author himfelf 
has confider'd, and his, and feveral other Ex- 
amples relating to thofe Matters, have been 
very well and largely explained by lAr.Keih^ 
upon which Account I Ihall fay the lefs to 
them. The fame ingei^ious Perfon laft men- 
tioned has alfo in a la|e Book (his IntrodnElmi 
to the true thyficks) made ufe of the Sccopd JL^ip 
of Motion as a Principle fo eftabliia fomeim- 
portant Theorems upon, relating to Accele- 
rated Motion ; and thp fame Law will be oi as 
great Ufe in deponftrating all tj^e common 
Theorems about equable Motions. But wp ai e 

' now to proceed with ii^tCoroUariesohho^tLaws. 

Second 
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Second Corollary to ibi Laftps 

of Motion. 

The Quantity of Motion^ which arrfes hy ta- 
king the Sum of the Motion tQiv.irds the 
f&me Part^ or the Drfjlreme of ihoft mad^ 
• I towards contrary PariSy is xct ebanged-fy 
^ A0 ion of Bodies cue upon MVibert- -■ 

ryiH AT is,: if Two Bodies (moving ei;jti/"y 
J_ towards the fime 01 contrary Pait'?). 
ftiike each other, the Sum of the Mmions 
made towards the fame Par t,aftd the Oiffer^nce 
of thofe made towards coutrary I'arts, will I)« 
the fame after the' Stroke that they were Ijc^ 
fora. Let B,6 be Two. Bodies, V=theVeloj. ' 
city of B, and v — the Velocity of i, S= th4 
Sum of the Motions (made towards the fame 
Part) D=the Difference of the Motions mad* -5 
towards contrary Parts.' 'Tis plain, before^ 
thcfe Bodies ftrikeone another, that the Sam ' 
of the Motions towards the famePart=S, isrrl 
B'*V-l4>iv, (from ihat tommoa Principle that , 
thevl/o»if"r«morQ;iantityofMotionof anyBo-'j 
dyis=to the Parallelogram under the Quantityy 
of Matter it contains and its Velocity) and theij 
[Mftereace of the Motions towards contrary 
Parts=Dis=B''V— ttv. Suppofe now the Bo- 
G 3 dies 
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dies B and b to ftrike one another, and let the 
A&ioix of B upon hhe^\it=zm^ the Re-aSion 
ofb upon B=i',then after theCoIIiiion the Moti- 
on of B=Bx V^:;;/, and the Motion of *=^x v+w, 
and confequently the Sum or Difference (=S or 
D) is = fix V4:*? -^ byiv^mj in whidi Expref- 
ilon the Qpadttties m and n flfuft be aSbfted 
with different Signs j that is, if m be pc^tive, 
n will be negative, and if fi be pofitive, m will 
be negative, becaufe theDiredionsoftbeAdi- 
on and Re-adion are contrary. But (by the 
Third Lar^ ^f Mtriopi) Adion is ever equal t<J 
Re-aftion •, that is^ the Qpantity m- —n^ or 
jf = -^. Confequently, fubftitutmg --n in the 
room of m, abd -^9» in the rooiti of ir, they 
will deilroy one another, and there will re« 
main B^V-i-*><tf=S, and M^V— wixt/=D, the 
fame Values^^as before. So that the Sum or Dif- 
ference of the Motions is the fame after the 
GoUifioD that it was before. 

From hence the Laws of the Collifion and 
Motion of Bodies may be ealily and univerfaU 
ly computed. 

Krj?, In perfeaiy hard Bodies j in order to 
which it's tacceflary that we premife this 
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1- i JHfiM^rfi 

if X bird hoiyfirihf dtre^ly upon another, 
vrhetbtr thxt upon which the Stroke is matU 
he quiefcent^ or moves more Jlotvfy to»*rdt 
the fxme QnArter^ or, Lafiiy, totvdrdi thi 
tontr^j Part (mth a iefs Motion) t^er 
the Stroke they jb^hfh movtwiththt [turn 
Degree of l^elocity. 

LET the Body B ftrike dircflly upon h. Thea 
(by the Second Law of Morion') xhcBoiy 
b ftiat! move according to the Direiftion of the 
Force imprefs'd upon it by the Body B j the 
Afttoflandlafiuence of all circumjacent Bodies 
being fuppofcd to be remov'd. But * cannot 
move flower than B, becaufcof Bfolltjwingit; ■ 
nor can it movefafter, fince(by the Hypothe- 
fis_) \. e remove all other Caufcs of its Motion, 
belides the impelling Body 8. Therefore the . 
Bodies B and fr (hall move both with the firac j 
Velocity after their CoUifion. 

From hence therefore to find true the Value rf j 
that common Vplocity, with which the Body 
fhalt move after the Stroke; Let this common i 
Velocity be put =«. ThenS=B^V-l-t«f, aod i 
D^B^V —bxv^ before the Stroke ; and alfo (by j 
Cor. \\. to the Laws of Motioti) the Values of S 
aafi D continue the fame before and after the 
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Stroke. 



Stroke. But after the Strt)keS=BxzH-fcHx, and 

D=Bxz,— ^xx.. Tlierefore b-\-/^ ~ '^^ *^® 
cotAmoa Velocity for the Sum of the Motions 
made towards the fgme Part j and ■ ' gj^_^ — n;^ 

tbe common Velocity for the Difference of the 
Motions made to wards contrary Parts, 
tifience if the Biody k were qnlefcent, then 



*«t«; akd fO ;c = |^, that is, V: ^ : : B-Hi 

B i the Velocity before the Stro Ke is to that af- 
ter; it, as the . Sum, of the Two Bodies to the 
moviAg Body, -Therefore if B=^^ then V :. ;^ : : 
x]: I 'j that is, if the Bodies are equal, the Ve* 
iocity ^ftcr the Stroke will be half the Velocity 
pf ^tlie Body, that was fuppofed ia Motion, 
b?for§tJf^ Stroke. 

..If..v W V be bptl} of fome,rcal Value, and 
aiip if B^^f then, (for the Cafe of the Sum 
oj^.iyjfpti9ns towards the lame Fart) we have 

gyL-l-Bw V-lv 

^^r^ — 'iix, or i== -*7^ i that is, the Veloci- 

ty after the Stroke is & the Sum of theVelodr 

ties before the Stroke. For the Cafe of the 

pifierence of Motions towards contrary Parts, 

„. u-l- BV-Bt' ^1 ' ^ , _V-^. . . . . 
we lave lU ■ cs*, or x. = , m wnicn 

iCafe the Velocity'rfter the Stroke is * the Dif- 
ference of the Velocities before it. 
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t univerfally, let the the Bodies be in any 
■ffKdVwiiatfoever, tlie Value of x. will be dcter- 
I TOin'd. Suppore h: h :: f. q. then h = ^, 
which Value fubflituted in the Equatioo above, 
.will give the Value of :i, m this, general 
Suppofitiou. For then we Ihall fiad s, — : 

]^ gjjly (for the Cafe of the Sum of Moti- 
ons towards thefime Part) and ^= ^^ 1 ^7^^" 
"(for the Cafe of the Differences of Motions to- 
wards contrary Parts.) And if we fuppofe h 
Xjuiefcent (as before) and coiiVequeatly v = o, 

^'^^ ^ = fB^iB' 3nd V : ;: : :rl-? : /fr 
r In the Cafe of the Ditfereace of Motions to- 
-wards contrary Parts, if wc put 1=0; that is, 
if the Bodies, after their mutual" Colliiioo, 
-have no Velocity at all, or the contrary Moti- 
ons have deltroy'd one another, then ^rgrp^" 
\-xzPi and p^V^^xi/, or Cbecanfeof/i:?::B;i) 
K\l-bKv^ that is, 6: b::v.:W. bo that the 
[ 'Bodies being reciprocally as their Velocities 
(which makes the contrary Momenta equal) 
after the Stroke they will lofe all their Mo- 
tion. 

And having thus dctermin'dwhat the Vdo- 
city muft be after the Collilion of any hard Bo- 
-dies, there will be no DifScnlty in finding the 
M»- 
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Mtmema, or Qpantities of Motion io ea^ 
' die ftrifcing Bodies, after they ha^e thus ftruck 
ooe another ; for there is no more to be doae^ 
but to multiply the common Velocity Into the 
Magnitude of each Body. 

Aad from hence we may eafily determine the 
Magnitudes of the Strokes made by the Colli- 
fionof one bard Body with anothei, and fo ar- 
rive at thofe Theorems which the celebrated 
i Dr. WslUs has given us relating to this Matter, 
' in the Ch4f. of Percuffioo, which is the 1 1 th 
of his admirable Traft, De AIotH. For (accord* 
log to the Accounts of that excellent Pcrfon) 
the Maguitiide of any Stroke is equivalent to 
twice the MomtntHM^ loft from the ftronger of 
the Two Bodies that make theShock (that is, 
foppofing one to have more Force than the o- 
ther)But by the Rules above deliver'd we can 
find uniirerfaily what the^w««««Mof any hard 
Bodyis after it has ftruck another, and the^^o- 
mtmum before the Stroke being known likcwifei 
'tis piain, that me can fiiid ihe Difference be- 
tween the latter and the former of thefe Ma- 
nttnta i and twice that Difference is determio'd 
(Pro^. 5. of the forcmention'd Chaf^) to be 
equivalent to the Magnitude of the Stroke. 
FortheDodor brinE;sinto the Account of the 
Stroke, not only what the fErlkingBody lofes 
but alfo what the Body that is ftruck receives : 
fioth theft (he fays) are the ESeds of the Stroke, 
and. 
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^fequeatly the Magnitudoofitis to be 
from both together. 

Here therefore I will trom this Principle de- 
doce Two of his nioft gcoeral Thttremty from 
whence the Reader may very eafily draw the 
felt himfelf. 

Uting the Symbols as before ; let the Bodies 
B. y. whether eqoal or unequal, move with any 
Velocities towards the fameParlsi andlctthe 
Body ^. go before, and the Body B- come after 
with a Velocity V. greater than v. the Velocity 
of the former. The com/non Velocity after 

the Stroke {vix.. «') = ^^rjT' therefore the 

MoTnemHtn of Bafter the Stroke,is= ^-^Sy^ i 

but its MomtmHm before the Stroke was= BV, 
therefore the Body B has loft the Momentum 
^„ BBV-l-B^ _BtV-B^ 



But the Body i 



'has acquired jail as much '■, for its MomtntHm 
before the Stroke was=^,and afterwards 'tis= 

?-^^pj—; therefore it hasgotten the i*A»/tffft«M 
B-hr^ ~ ^" = — bTF' * Confequently, 
»H^^ is- the Magnitude of the Stroke- 
^B« 'tis CTident, that ^^^V-^^B^ ^ B^-Bt- : : 
1 b '. B-^-t i that is, the Magnitude of the Stroke, 
■ is to the Mmmum of the following Body (B) 
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caWcd with the Difference of the VelocrtiWj* 
as twice the antecedent Body (J>)to the Aggre- 
gate of both the Bodies. 

Inlike manner, if the Bodies mov'd towards 

coatraryParts,itwiUbcfound,that^— ^r— :. 

BV-^Bv : : 2 i : B-\-li , that is, the Magnitude of 
dicScroke, wou'dbe to the Mewrntmi of either 
of ctic Bodies (,£jc.^.B) carried with the Sum 
of the Velocities, as twice the other Body 
(yix,. b) to the Aggregate of both the Bodies. . 
Add from tfacfe l"wo Theorems one may de- ■ 
duce any of the reff, according to the Nature 
of the Suppolition made. 

Cor. I. 

JtMning the Refult of both-i thcfc Analo-' 
gies together, it follows, that "^^-TJ-^j 

V-\^ y that is, the Magnitude of the Stroke 
in the Cafe of Motion^ made towards the fame 
Parts, is to the Magnitude of the Stroke in the 
Cafe of Motions towards contrary Parts, as the 
Difference of the Velocities in the former Sup- 
potition, to the Sum of the Velociiiy in the 
latter i that is, as the relative Velocities of 
the Bodies in both Cafes after the CoUidon. 

Cor. 



Cor. II. 

In either Cife confider'd apart by itfelf, 'tis 
plain, that whatever the Velocities are inthcm- 
relves,yetif the Dliference, or the Sura of them 
continues Itill the fame, the Magnitude of the 
Stroke fliall ftill be the fame alfo. 

Aad therefore it follows, that the MagnU 
tnde'of the Stroke is ever proportional to the 
Difference or the Sum of the Velocities ; that 
is, to the relative Velocity of the Bodies, b# 
which they tome towards one another. 

From the Lms of Motion in pcrfeftly hard 
Bodies, wccomc to conlider. 

2. In perfedly Elaftick Bodies j and here 'tis 
oeceflary to premife this 

Lemma. 

That if Two Bodies frrfeSfly Elapck pike 
om Another-, their relative Velocity conr^ 
Kues the fame after the Stroke, that it iv.is 
before. 

FO R the Nature of a Body perfedly Elaftick 
^istoreftorc it felf'-vitha Force equal to 
that by vvbiuh it was comprefs'd. But (in the 
HviiotiielTs of t^e prefent Lemma) the Com- 
prcffive Force is' no other thad the Forceof the 
Stroke, 
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Stroke, by which one of the Elaftick Bodies 
(hocks the other- 

Now the Magnitude of the Stroke (by the 
Second Cor. foregoing) arifes from the relative 
Velocity of the Bodies, and is proportional to 
it. Confequeatly the compreffive Force is pro- 
portional to that Velocity. But tlie rcftitutivc 
Force being equal to the compreffive, afting up- 
on the fame Bodies, Ihall produce a relative 
• Velocity that bears the lame Proportion to it, 
rtrat the relative Velocity before the Stroke 
bore to the compreffive Force ; therefore it Ihall 
produce a relative Velocity equal to the former. 
And therefore the Body's after CoUifion Ihall de- 
part from each other with the fame Velocity 
*hatthey came towards one another with be- 
fore. Q.: E : D. 

From hence now to determine the Velocities 
pf Elaftick Bodies after the Stroke. 

All the other Symbols ftanding as before, let 
the Velocity of the Body B after the ColliCoa 
be put =i. When the Bodies B. t. move to- 
wards the fame Parts, then their relative Velo- 
city is =V — V ; and when towards contrary 
Parts, 'tis = V-W. Therefore (by the forego- 
ing Lemma) ia the former Cafe, the Velocity 
of the Body t, after the Stroke ftiall =z.-\-V—v y 
and in the latter Cafe it Ihall = V-l^^-z.. But 
(by Cor. II. to the Lami of Motion) the Sums of 
the Motions towards the fame Parts, or the Dif- 
ferences 
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fierences towards contrary Parts arc equal, 
both before and after the Stroke. Therefore 
hV-~hv ~ BJ.-1 l/z.-yhV—bv, in one Cafe, and 
BV-~^v=hz.-\-bV'\'l>v-\-bz.^ in the other. 
BVH at«-j y 
B-i-t 



Therefeee z. = 



in one Cafe, 



_W—iiv—i,V . 



t 



and z,= ^ — g-— — y, in the other. And pat- 
ting the Velocity of the Body h after the Stroke 
=:>i we have y <=^-i-V-.; - '-^^^\ 

i^oneCare;and^(=t^■V-l^)=='^g*-^^~^ 

in the other Cafe. Sotbat we have thefe 2 gene- 
ral Analogies, viz.. z.;y:: BV H- ihv — tV : 
2 EV-l^f— B^', when the Bodies B-aodi*. move 
towards the fan>e Piirts ^ and t ;y : : BV — ii« 
— iV : 2 BV-|-Bt— i^, wlien the Motions are 
made towards coatrary Parts. And thefe Va- 
lues of z and y do giye us Dr. Walliis 9th and 
i-IOtfa Frepi. Chap, 13. A-fcchan, 
r And from thefe general ExprclTioiis thus 
* 'foofld, all the particular Laws are eaCly dc- 
tcrmin'd. 
£x. ^. Suppofe the Body b were qiiicfctnti 



then w=fl, and confequeatly t- 
BV-tV 



B-l^ 



and 1 

- n , ,, : V : : B-t : B^H ; that is, the Vdo- ' 

city of the moving Body B, after the Stroke, is j 
to the Velocity it had betprg, 8S tfae Uiflerence 
of 



of the Two Bodies to the Sum of them. Agaia, 
(ufingthc fame Suppofition)>= ^-^ , ^^^^^• 

V :: 2,BiJ^bi that is, the Velocity of the 
quiefcent Body h after the .Stroke is to the Ve- 
locity of the ftriking Body, B before the Stroke, 
as twice the ftriking Body, to the Sum of both 
Bodies. If B=:i», theni,. fuppofed quiefcent as 
before, z, will = j that is, the Body B after 
the Strok;e will lofe all its Motion. And all this 
Dr.lVaUu Qi^ws Prop.^ i. Chap. 13. concerning 
Elaftick Force and Reflefiioh. " 
Suppofe B=^ and that the Bodies mov'd to- 

wards contrary Parts. ^Then z. = ^-^,, and 
^="^* butbecaufe B=*, therefore^ 

_r-xB?* So that after the Stroke, the Bo- 

dies ftiall mutually intercharjge their Velocities^ 
the Body Bxnpving wit|j;i the Velocity of b be- 
fore the Stroke, and the Body b with the yelo- 
city of B before the Stroke. And that they fh^l 
move tow.ards contrary Parts is maniMly Cr 
nough Cguifted by the DifFerehce of the Signs, 
for it i5-\-^V, and — v. . And this is Prop. 7* of 
the foremention'd C/?^/>. 

Suppofe again B = b^ and that they raov'd 
towards the fame Parts, the Body b going be- 
fore with a Velocity = v^ and the Body B co- 
ming 
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ming after with a greater Velocity, viz.. V 



Then J 



B-l-P 



and^ 



.-|-»BV 



Therefore 



I 



after the Stroke, the Bodies flial] move with the 
Velocities they had before the StroJte, alter- 
nately takea,as it was in the Cafe foregoiog, on- 
ly with this Difference, that there they mov'd 
towards contrary Parts, and here towards the 
fame Parts, as is plain from the Identity of tbe 
oftheSigas. Andihisis i'j'o;).^. 

If B=i, but the Body b be fuppos'd quiefcent j 
thenx.=o, (for in this Cafe i'=ff, anAbv-o^aad 
becaufei=B, then BV—W^a, and fo the whole 
2BV 2.BV 



Value of z.=«)but>= ^ 



-l-fr" 



=V. So that 



after the Stroke the Body Batfirftia Motion 
Aall quiefce, and the Body h at firft quiefcent 
Jhall move, with a Velocity = V, the Velocity 
of B before the Stroke. And this is Prop. 5. 
' If B were =b^ and alfo V=v,andthe Bodies 
.inoT'd towards contrary Parts, then 'tis plain, 
thatz.= ~v, and^--| v^ that Is, the Velocity 
ot each Body after the Stroke is the very IJme it 
had ^before, or they are reficaed each with thore 
Velocities with which they meet together. 
Here alfo the Difference of the Signs difcovers, 
i^lhat the refleded Motions are made towards 
contrary Parts ^ and the Nature of an Elaftick 
ly (which everreftores it felf in the fame 
iDireftioj according to which it was compreft) 
H as 
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as plainl]^ ijiews.tbat the Bcidies wiQ move 
in the y^ry fame Right Lines after the Stroke, 
that: they did before. 

Ag^ft, if UBitiiet B=:*^ norV=t^, yet if the 
the Bodies br reciprocally as their Velolcities i 
that i*i .'if B : * : : v : V 5 in this^ Cafe alfo af- 
fcrthc Stroke they fliallmove towards contrary 
Fant with the latbe Velocities they had before. 
For fince (by the Supjwfition) BxV=:bxv^ there- 
fore (the Motibiis being made towards^ con-- 

Vary'l'arts)"^ iball^^ 

•rrf-'V'; therefi>re the Bodies ftiall move* with 
the faipf, ; Veioa[ties rdrBe^itivel.y. towards cob. 
traryfafts:f$er their CofUfion, And this i» 
fr^^'Piitk^ . fprementioaM Chapi. ■ < ^ . : •: 

HaYrag^ndw corifider'dthefe particular Laws' 
of^^I^bficui^ 1 "proceed to . , 
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Third C Oft o l l a r v *o thegerwtMl 

Laws of Motion or Nature'.''''^ ^ 

'Ithi'^ttfd^'CertKr ef tirieoiiy Jtke^f v^ its 
State o}' Mot ion 'or Re^ hj the J£fidas pf 
' , Bodies upQn one another-^ and thcrdwe 
(fitting iifi(^ sS exferfiM. 4^iom md Jm- 
fedimetits) the common Center of Gravity 
of all Bodies tBing mutudlj uyonontdno- 
JytheTj^eit^ is at ft^,. or Jj ^ffv'dmii- 
formly in a Re£iilineal Path. 

^'iTi^tit E comraoa Center of Gravity of Two 
, X^ B^JJies, is the Center or {i,x'd point pr an 

, imagloflry L/Vji, about which the"Bodiesar&jn 
^qnUfhrjo. This i-tti-^ is a Line concelv'd to 
pafs thrp'thcCentcr of Gravity vfeacti Botj)' 
or tobecoiitiiiued from one Body's Centef of 
Gr&viiy tpthatoftliepther. Tiiea the Fu7ci- 
iueut Q( fix'dj Point (tpupd by taking the Di- 
ftancc5 of the CenteVs of Giavjfy of tlie Bo- 
dies from tlu[ Point, recipvbcally proportio- 
nal to the Ma^niiudes of the Bodies tliem- 

.felv£s),is w'liiit we, call the comijxbn Center 
of Gravity of the Two Bocliei. .$6 "Tlkcwife 
we may make an Eftifiiate of t!ie cqij^moii 

• Ccater of Giavity'of any .fiIiJilibei:,or.Syi]jc^ 

j»f Blips'. '^5?f4'?4^?S#!'SS<noi™N 



^ 
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The Demonflration of this Cn-tll. will be 
clear, upon the making out of tbefe Two Pro- 
portions. 

I. That Bodies moving uniformly, cither to- 
wards the lame, or towards contrary Parts ^ 
before they meet and ftrike one another, their 
commoQ Center of Gravity will either quief«.e, 
or move uniformly in a Right Line. 

Fig, ii . 

^ 6' - '^ ^ 5L 

Let the Bodies (F/ff. XXI.) be A. B. their 
common Center of Gravity C. the Diftances 
of their Center of Gravity firom that Point, 
AC and CB refpeftively. And let the fraall 
Letters denote different Places of the fame 
Bodies, and of their common Center of Gra- 
vity. 

From the Nature of the common Center of 
Gravity, 'tis plain that A : B : : BC : AC, from 
whence A'<AC=BxBC. Now if the Bodies 
mov'd into the Places d. g. or e.f. and it were 
Ipthat A: B::^C: ^C,orA: B::/C: eC; 
then the Motions with refped to the fame Point 
C, wou'dftill be equal, becaufe A'**/C=B*'^C, 
or A^eC^B^/C) and the common Center of 
Gravity C wou'd quiefte. So that in equal 
Motions' Wwai^s fcontrary Parts, whether the 
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Bodies go from, or come towards one another, 
the common Center of Gravity isftill at reft. 

But if the Motions were fo adjufted to each 
other, that A.:B>^C:dC orA:B>/C: 
t C, that is A>'<i C> B^^ C, or Axe C > BxJC ; 
then fome Point as k between cov d and C, may 
I betaken fo, that Ax.:/* may =.6x^-6 ^ and then 
'tis plain, that the Point k is the common Center 
of Gravity. Therefore jij this Cafe, the com- 
mon Center of Gravity has mov'd from the 
Point C to the pointi. Solikewife it might b? 
ihown,thatifA'<'^C<BxgCorA'<fC<BVC, 
then the common Center of Gravity wou'd be 
in fome Point as h between^ or/ and C, and fo 
to have mov'd the Space C h. So that 'tis moft 
clear,thatinunequal Motions towards contrary 
Parts, the common Center of Gravity moves in 
the fame Right Line together with the Bodies 
themfelves. Again,ifth? Bodies move towards 
the fame Parts >vith any Motions whatfoever, it 
is manifeftjthat the common Center of Gravity, 
jnuft move alfo. Let the Bodies A and B whofe 
common Center of Gravity is C, move from th^ 
the Places A and B, into the Places « and ^^ I 
fay, the common Center of Gravity cannot be 
now in the Point C For if ic were, then it 
wouMbeA : B::£C: «C,the Bodies beiqg in 
e and ^. But it is A : B ; : BC : AC, the Bodie? 
being in A and B. Therefore it wou'd be^G: 
*C: :BG: AC,that isf C: BC: : f C: AC,which 
H3 i^ 
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/ 



^^/.^d: : eh: Afc/ Ancfthat it muft'^^ecelTarriy 
bein I>iiie Poifit,'ias> between C^pflf B^ ?$ to6^ 
plain to need 4nV proof. And'^.i^f^lfc^ 
cviddai Cdbughjthit the Motioh'cif fKgVemriion 

(ifeter'ttf (SMvftjr ^^wflene^^r ft'tfadVis^^M'^^f 
of tftifcfcafei) 'fs'nfl^ 6r tliatit atobe$i 

cqual'Spa'ces in tqual Times. For the Mbf ion of 
the' Bbllres is briifbr'm (by the SdJjiefitloB) ^n3' 
thii coilmbn (!iefiWr'" of ' Gra^'it^ .Widts th^ 
piftaftce between' The Bodies eVerlii^&ie' fame 
K^ty-^' therefore as the Spaces deft^l&^cfby 'the 
BbdiisthemfclveS iatcjuA Times; Willlje equal,* 
fo alib will thbft defcrib'd bjr thie dortmon Cen-- 
tcr of Gravity. 

Hithcrrto wt ikrt conlider'd the Sbclies oh^ 
ly-'as moving in '6ne and the fi^^ Right 
Line." Bcft if thfey' m&ve in diffei'efit Right 
Lines (either paralM,of cnclin*d to one ainother) 
the Motion of the tomrton Ceflter br GVaVlty 
itiay ftiH be Iheivn to be performed <^n a Right 
Line, and to be uniform j for the pemonftra- 
tion of which I refer the Reader to Mr, Jt>//s 
forettention'd Boolr.So alfo if the ^iesmd^M 
in different Planes, and it were eycf lb ,^reat a 
Number of Bodies, the Motion of whdre^dommoi^ 
Center of Gravity was (^onfider'd. 

-a. The 
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2.The next Thing to be cIeai'd,is,TTiat when 
Two Bodies move either towards the fame or 
towards conciary Parts, the Sura or Difierence 
of their Motions is the fame as if they wereboth 
carried with the VelOLity of their common Cen- 
,terof Gravity. 

This Pro^. may be eallly demonftrated, bat 
1 will at prefent give an Inveftigation of it. 
.And the doing it inone Cafe alone, 'When the 
Bodies move cowards the fame Parts, will be 
Direftion enough to the induftrioiTs Reader to 
tdo it in the other Cafe liimfdf. In !,F/fJ. XXI) 
; Let the Bodies A and B move from the' Places 
-A and B into the Places eandv, and their <-om- 
-mon Center of Gra'.'ity from C into fc, at the 
.fame time. Let Ali-*, AC=:c.Then ^C-b-c. 

":«-,-ii..-aiKlirfe=« — 4^\-ff.-'"'' '• '--'■•^•' ■'"' ■ 

When the Bodies aw iri e and^, thc^VMue'6f 



(> will be found 



— cb — tc— ^M-A-H-»^^-^'*ii? 



frooi 



the Nature of the coqimon CenterofjGrawity. 
- Therefore B^(=£fc-B*)^^^^*.^^^ -But the 
Sum of the Motions of the Bodies Ts -A** A e-i^ 

B^B^, thatis, AV-j-- ^ — p . ". -i . And 

the Motion of both cawied with tIteVdocityof 
the common Center of Graviiyisr: AxC/J-l- 
BxCfc,tbatis, A':H^-B>*a.And(in^lIt^I)l^ngboth 
. Parts by we ihall find A><nc-l-B'<ffc=A«^e-i- 
H 4 P.'^'^f 
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i'^^c^'B'^nh—h'^dti (becaufe A>=(r=Bxf'— B^c, 
l-^om the Nature of the common Center of Gra- 
lT,yity,aad consequently A'^«c=B*»i—Bxwc, and 
^dc-B^dh-^xdc.) The Refult therefore is 
.|.l)at the Motions are the fame, as if both Bodies ' 
werecarried with the Velocity of the common 
I jCcnterof Gravity. Q.: E: I. 

Aod flow from both thefe Props, together 
latifesa Demonftration of the Truth of this 
.ThiiJ Car. For (by the Second Cor. the Sum 
L of the Motions towards the fame Quarter re- 
I jmains the fame, after the Bodies have ftruck one 
anotlier> that it was before. But it has been 
I fliewn, that the Sum of the Motions either be- 
,fcre or after the Stroke is the fame as if the Bo- 
dies had been carried with the Velocity of the 
common Centerof Gravity. From whence it 
may certainly be inferr'd, that the Velocity of 
the common Ccater of Gravity, is the fame be- 
fore as after the Collillou of the Bodies. But if 
the common Center of Gravity moves at all be- 
fore the Bodies meet and ftrike, it moves uni- 
formiy in a right Line, therefore after the Bo- 
dies have met and ftruck, it will move uniform- 
ly in a right Line alfo : As on the other Hand, 
if it be at reft before the Stroke it will eafily 
befhewnto beat reft afterwards. Therefore 
the commoQ Center of Gravity does not change 
its State of Reft or uniform Motion in a redili- 
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neal Kreftion by any Aftjon of Bodies upon oiifi ' 
another. Q.: E : D. 

And thus much for the Illuftration of the i 
Oroff. Bat before I paft to the next, (being now 
upon this Head) I'll add Two or Three P«p*. 
relating to the Motion of the common Ceat^ ] 
ofGravity. ' '■"**''i 



Figag- 




T H E O R. I. 

^ Tveo Bodies equal in Magnitadt, move in 
the Sides of a, PxroHelogram withVeiocitieS 
proportioiMl to thofe Sides reffe^vuely ; 
their common Center of Gravity Jbalifitll he 
found in the Diagonttl, 

LET the Bodies (F/(7. XXn.)move in |h« 
Lines FA, BA, from the Points F and B , 
towards A. Draw the Diagonals AE, BF, cat- 
ting each other in H, andany other LineasCD ] 
parallel to the Diagonal BF, interfering the j 
Diagonal AE in the Point a. When the Bodies ' 
are in the Points B, F, 'tisplain,that theircom- 
monCenterof Gravity is in H ; for the Bodies 
arc 



fre equal by ike Jt^pothcfis, and BH i%-W 
from the Elements of the common Geometry.) 
Ijkewife bccaufe th<; Velocities of defcribing 
I t^eSidesof lheParalIelograman3,fijppos'd pro- 
. porponal to thofeSideo lefpedtively, therefore 
J^CDJieins parallel to BF) when one of the Bo- 
dies TsinD, tlie 'other will be in C, fo'"^'^- 
DF :; AB : AF ; confequently BC and DF will 
be difcrib'd in the fame time. Therefore (be- 
cavtkCa=itD}ibe common Ceuttr of Gravity 
will be io the PoJjit rf, that is, ia the Diagonal. 
The fameipay be lhelwn'wherefb*«r the Bodies 
are. Thcreforfti^-c.-Xi^ E; D. I 



T H E O R. II. 

If the Bodies rme a^e^udi ia Magnitude ; the 
. VtitxitMi^Hh. vthick they move httng Af the 
-. . . .Sidii of the Ptr^iegr^t nffeUfvel) ; the 
; \yB4th of the ewnmcn Qemer. ef Gravity 
*,i'i^xehkb vi/i nut he the Di^^msi} tt eafUy 
dstermirPd. .'„• ■ 

. T £T the ^«m of^tbc Magnifttde of ;he 
JLi Bodies be, what it will ^ then from A 
(f /ff.XKll-)<lraw theLineAc,tocuttbeDia- 

. goB^I BF ia the Point c in fucha Wanner, that 

■ theSegmejitsBcjandcF may be reciprocally as 
tiie Magnitudes of the Bodies plac'd in B and F. 

. I lis cvidentjthat the common Ceatf r of Gravj- 

ity 0jfiUdefcribe the Path Ac, while fbe Bodies 

them- 



gram, BA and FA., for any LineasCDpaiallejj 
to,BF,.i5 cut by.the Line A cfo, jbaEjliieSegt^ 
nma(,C«. «Pn»eng iathe f^ipf,fMi»/ff^^ i 
a64f>.p.'. Therc%lifi,,^<;. Q,: f ^.D, -.rf, r-!/; xl 
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// Trvo Circles touch one another inter mlly^ mi 
one Body be it reflin the Point of Conta^, 
while another mtyves in the Periphery of the 
outer Circle ; then if the Sum of the Tivo 
Bodies he to the moving Body, as the Di^ 
meter of the outer Circle^ to the Diameter of 
the innermofl, the common Center of Gra- 
■ k/ity fha.ll defcrtbe the Periphery of the in~ 
nermofl Circle. 

LET (FIG. XXin.) the quiefcent Body be 
fix'd at A,the Point of Contaft of the Two 
Circles, and let the other move from B to D 



ia the oucet '^d'greater Girdle. And let tiide 
Bddies-lk ^fetf A' and B ttfjpd^idj. Then by 
tbeHypbc^eis^^A^fifrBr: AB: AC TbeiC' 
Ibri (b/tXiriffett) A : B : : BC ; AC ^ confiqaent* 
ly when the mOTingBody^sin fi, the comnkoa 
Center of Gravity is in C But (from the Na- 
tare of the Qrde) AB : AC^ t A D : AE (becaufe 
the Angles at D and E are rights and that at A 
is common^d to the Triangles^ ADB and AEG 
are Similar) allb ^tis BC ; AG ;: DE t A£. But 
EC : AC :: A : B> thereiibfe OE ; A£: : A : B. 
Therefore when the moving ^ody is in D^ the 
common Center of Gravity is in E the Peri* 
pbery of the inner Cifc^ and fo it wiU be uU 
ways found in the fame« Q.: £ : D. 
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^ Three Circles touched one another in the font 
Point J, (¥ I G. XXI!!.; (f mgh bejbe^vn, 
thdt if the Boi} A mffv^Ain the Peri^erj 

',.\ AFGyMdtheBoeijB inthePeriphery JOB, ' 
4)idthe Sam 0/ the Tjvo Bodies were to the B»- 
djB^as the Difference cf the Diimeter of the 

i outer md inner Cirdes, to the Vtfferenet 

. ef the Diameters of the middle and inner 
Cirsles. Alfo if the Velocities of the Bodies 
Were to one another direcily us the Peripheries 
rvbich they defcr^e ; / ft) then, that the 
common Center of Gravity JhaS defer ihe the 
Periphery of the middle Circle^ viz. AEG. 

FO R if the Veleeities be as ite Peripherics, 
they are alfo as any Two fimilar ArcJies 
fGand DB cut off by any right Line AFD 
•drawn at Pleafate ; therefore in th£;IaDi,e Time 
[*that one Body defcribcs the Arch BD, the o- 
'ther will defcribe the Arch FG \ that is, whea 
one is inD, the other will be inF iathefaaw 
right Line AFD. Alfo becaufe (by the Hypo- 
: thefis) 'tis A-j-B ; B : : BG : GC, by divilion 'tis 
I A : B : : BC : GC. But (from the Nature of the 
I .Circle and the Similarity of the Triangles) 'tis 
^ Be : GC : : DE ; EF, therefore A :B ; : DE : EF. 
And 



And therefor; the common Center of Gravity is 
in the Point £ df tbcmiddle ^itle. 

^^, Hmee i(Ath«..v<l9(;ixif^ fljf.^^^,50^ ij5<;fc re- 

<iproc/iliR . p;<ii)Qr^i^|( 't^ ^tji^r Mig^udes, 
tiieav^ the pigmeter ,o^.fhe outer cii*cic, wou'd 
be divided H^monicallyjint&T^inftVA^G, C, 

AB, AG Wiii riilifiiat^h)pa?K6h/«tctf tJW' Ve- 
locities -of Itlf^ Vod^ %rd^M(i»i&ll3fAptt{}or- 
tldnal toUt|tirItfas(iM{iii&6.\iLet\tfae.V«iQtUy of 
the Bodf % bcpat'ssMiwui^tlmfii tifp-^JHody A 
be pot =;«(:'. CTben . (by lb^^^'ppt})e(is of the 



Diameters. But (becaufe of the commoQ Center 

it be V-««fi:: A : B,i(tbat b,J|f::tiie Ma£aitft(|es 
ofthe- itodieii.;ace recip^c^Hyas tbietrrV^pqi- 
•tios) tben:itfbQoTrsy.tfaiit.AB ;.AG ::BQ;v^& 
tuid 'coaftijadntlly AB'i&ilf^AShBQf w^cb-fis 
thi Property of ^ Linr €>i}^» aniftcsl. prapf^|i~ 
o^- ThttiLiioc AIB tfaeisftireoAsiU b«idiy^j(i9Pl 
Hflrtnoaicalljri :'.....■ '.•!/. .<■,'•...... i ^ ..^i j 

'^•' . -'^ •"■.;.■■" . .:. !■..••> .-crTalaTijI.' 

•''' •"■■-'■ ^■- . -x- ■.^•■. .-.i-HCS -OD Off 
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Suff)oJi>ig all MS in Theor. 4. Ify, that Two 
Bodies moving uniformly in Circles, the 
Sum of their Motions is the fume^ at if 
both were carried with the Velocity of the 
common Center of Gravity. 

WHiie the Bodies Band A (F/ff. XXUI.) 
Setting dut from the Points B and G, 
defcribe the Arches BD and GF ^ the common 
Center of Gravity defcribes the Arch CE, as 
has been already deraonftrated. TheSumofthc 
Motions of btitn thercfeVe,' carried each with 
tbeirown Velocities, is =B'BPr7l-A>ffSi ^i^ 
the Sum of -the Motions, it.poth were carried 
with the Velocity of t'be coVjimoii Center of 1 
Gravity, -cro^'tfrrAAEC^ fe^iEG. Mow I fay, 
thatA'<ECHB<EGr=B^BrH AxFG. ForCfiwni ' 
theNatareof the common CeJner of cVaVtty) 3 
'tis A : B : : BG: GC,oi^(b&aiifefiC^A6-J.kC, 
aQdGC=^AG-nAG)A: B::AB-AC; AG^AG. j 
Frora whence AxAC—A^A^^B^Afi-B^AC; , 
andAxAC-1 B-^AC^BxAB-i A>*AG. But be- 
caufe the ArchesDB, EC;-FGaiefimilar, they 
areporportional to their, reijiedtive Diaa^^^fc 
Therefo;-e aVrC -^g^.G ^B^pB-l^xfi 1 
Q,:E:D. /. . , ". 

' ttr 3h TO a A J>rfit»l9() irlTo ?i): sliil^a^Vt? 



fi8.»4. 



[ HI ] .. 




T H B O R. Vl. 

JT* Bodf mopes m tit Curve tj t Conick 
; SeSiaa, iM^ uuAtr wmies » the Ax 

iftieftmt, i»i ttm Muhiu ie tijufei 
\ Jf, titt vMi an Jefaihi wgi Pirtim ef 
, tbi Curve,. tie c^ ^Jerites the iorrejfo0~ 

Mut jiijei/i, their mmmm* Center ef 
. Cr/n/ity jheM ehMBft dejcriie one ef tie 

QmicfcSeaicns. 

CASE I. 

SMffolk the Cunre ABE (fje. XXIV.) 
wen a Gitde, whofe Rdilim is AG. Let 
one Body be iauginM to defcribc ABor AG'in 
tlie Ax, while the other defcribcs AB or AE in 
ttie 



tihe Circumference; and in the ^a/(W EG, let 
■^fomc Point asF be taken, dividing the Line 
W EG, in the Ratio of the Magnitudes of the Bo- 
dies. I fay, that an Ellipfe, whofe TranfvMfc 
Ax is equal to the Diameter of the Circle, and 

^ whofe Semi-conjugate is equal to FG (that is, 
/uppofingEGAaRigbt Angle) Ihalt be the Path 
defcrib'd by the common Center of Gravity. 
For, conceivean Ellipfe palling' thro' the Points 
A, F, H ; and draw the Ordinate BC, c r, t^c 
cutting aa Ellipfe in D, »?, &c. Then (from 
the Nature of the Grde EG^=AG«GH, aud. 
BC^=AG''CH. And from the Nature of the 
Ellipfe.FGi : DC<i ■ : AGxGH ; AC'CH. From 
whenc.eEC: FGi : : BC'i : DCi ; andEG:FG;: 
BC : DC, and (by Divifion) Ef : FG :: BD : 
pC, and fo the Curve of the Ellipfe will divide 
all the Ordinates of the Circle in the fame 
ftanding ^tm of EF to FG. Therefore if £E : 
L FG : : as the Body ia G : to tlte Body in E, then 
■ their common Center of Gravity willbcinF^ |l 
and when the 3odies are in B and C, 'twill be 
inO^when they are incandf, 'twill bcinw. 
Therefore the commoi} Ceater of Gravity W(H 
^dcftribetheCurveof this Ellipfe. Q,:E: R. 

CASE n. 



If the Curve OAH were an Ellipfe, having 
.•■the Tranfiferfe Ax AH; it might be fliewn, 
|- that the common Center of Gravity would de- 
} fi-iil^c 
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fcribe another Ellipfe, as ADF, having the fame 
Tranfverfe with the former. For (from the 
Nature of thefc Curves) OF : FG :: p D : DC. 
So that a Body moving in the Elhpfe AOH, 
while another movcsin the Ax; dividing th< 
Semi-conjugate in the Point F, in the Ratie of 
the Magnitudes of the Bodies ; the common 
Center of Gravity ftiall defcribe the Ellipfe 
AFH- 

CASE m. 

"■ If oncBodydcfcrib'd tlieCircIe AEH, and 
■ another the EUipfe AFH ^ then dividing th« 
Line EF in the Point O, in the Ratio of the 
Magnitudes of the Bodies ^ it may be prov'd af- 
ter the fame Manner, that the common Center 
of Gravity Ihall defcribe the Ellipfe AOH, paf- 
ling thro* the Point O, and having the lame 
Traafvcrfe Ax AH. For it may be deraon- 
ftrated as above, that EF ; FG : : BD : DC. And 
that OF ; FG : ^U-" DC. Therefore EF : OF:; 
BD :;.D; and (by Divifioi])EO: OF: : Bp :ptX 
So that if when the Bodies are in E and F, th( 
common Center of Gravity be in the Point O i 
then when they are in B and D, it Ihall be in the 
Point f. Therefore the common Center of 
Gravity fljall defcribe the Eilipfe AOH. 

CASE IV. 

If the Curve ABE werea parabola, whofe 

Ax is AG, and Ordinate EG».itfliay be demoa- 

ftrated> 
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ftrated, that the common Center of Gravity 
fliall dercribe another Parabola (as ADF, or 
ApO} having the fame common Ax- For(f*Dra 
the Nature of there Curves) 'tis EGi: BCi:: 
AG : AC. And FG'i : DCi: AG DC, thereforfe 
EG1 : BCI : : FC : DC3, and EG : BC : ; FG i 
DC, andalteruatelyEGiFGi: BC: DC, and 
(by DivifionJ EF ; FG: : BD : DC, and fo 'tis 
every where. Confequcntly if EG bedividett 
in Fin th& Rmie of the Magnitudes of the B(>t 
dies, the common Center of Gravity fhall do* 
fcrjbe the Parabola ADF, or (which is all one) 
if upon the Ax AG and with a Parameterw 

-^- we dercribe a Parabola, this Curve fhallbfi 

the Path of theosmmoaCcijtcrof Gravity. ■ 

In like raanne> it liii^tf Be fhewn, that if tli^ 
Three Curves ABE, ApO^ ADF were Para-J 
boia'si the Bodies defcribing the outer and th*? 
inner Parabola's, the common CeiuerofGi^v^- ■ 
tywou'd dcfcribe the middleoiie,CTj-. Ap<Jy| 1 
that is, fuppoling their Motiohs tcbe ft fldjfiiWi I 
as was mention'd in the Theorem, afidthelntcr- ' 
val EF to be. divided inthfePOmt O, inihe^JT ] 
tio of the Magnitudes. • 'Toi'<iD' tiicfti €iM^ jl 
alfo)EO:OF::Bf : pDi :^i Tirti :. .-M^-^iii* 1 
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CASE. VI. 

jiAnd, Laftly, If tjic Curve ABE were aa 
Equilateral Hyperbola, having the Tranfverft 
AL, acd Ordinate EG i it may be demonft rated, 
that the common Center of Gravity fliail de- 
Tcribe another (but notan Equilateral) Hyper* 
bola, baring the Cime Tranfverfc AL with the 
former ; or, which is all one, that fuch on Hy- 
perbola as this (hall be the Track of the com- 
inoa Center of Gravity, as the Bodies move 
one ia the Curve, and the other in the Ax, ac- 
cording to the Intent of the Thnrem. For in 
the Equilateral Hyperbola EGt — LGt AG, and 
BCi=LC'<ACi and in the other Hyperbola 
(from the Gw«c* Elements) 'tis FC* : DCi:; 
LGxAG: LCxAC. So that in thcfc Curves 
alfo 'twill be concluded, that EF : FG : : BD: 
PC j and from thence the Confcquence (fo of- 
ten repeated) with Reference to the common 
Center of Gravity, is plain aod Clear. And 
the fame may be (hewn here of Three Hypef- 
bola'Sf as was before of Three Parabola's, or of 
Two ElUpfcs qnd a Circle. 

, There are fome of the Aiechaaiek Curves, in 
which I cou'd apply this Matter yet iartborv 
but 1 multobferve juft Bouiids»LWul>X3»'^ciS'iK>«r 
time) leave this SubjeS. ■ 4 ; . i'' * t - 1 ' ''j!i: 
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Cor. 

'Tis evident from thefcfeveral Cafes, that 
lie common Center of Gravity defcribes 
a Canick Stliicn of the fame Family with that 
which the Bodies themfelve? defcribci if at 
lealfc (as to the firii Cafi) onemay beallow'd 
to make the Cii cle and Ellipfe akin to one ano- 
ther i and fay, that a Circle is an Ellipfis, whofe 
TranfveiTe and Parameter arc equal to one 
^another. 

Fourth Corollary to the gene- 
ral Law of Motion. 

The Motions of Bodies (iacludedin any given 
Space) lire the fame with reffeci to one 
anothefy rvhtlher that Sfac£ be At Reji^ or 
whether it moves uniformly in a Right Line, 
without any circular Motions. 

THIS iscallly dcmonflrated from theSe- 
cond CorolUry to tlic Gtnertit Litat of Mo- 
titn \ and pirticnhrly from the Deduftion made 
fromtheage, about the relative Velocity being 
ever proportional to the Magnitude of the 
Stroke. If the relative Velocities continue «- 
verthe fame (as they do, whether tbeSpace,ia 
which they are contain'd, moves, or is at reft) 
then the Magnitudes of the Strokes which the 
Bodies raaks upon one another, are the fame 
I 3 tbUI 



L 



ftill, and fo their Motions arc the fame with 
relived to one anothd". 
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^Fifth CoROLhAKY to the general 

Laws of Motion. 

'If' Bodies are tnov^d mf hotp amongjl them^ 

^ JehJei^ and are ur£d bj equal accelerating 

Partes y that aSi mih parallel DireSlionSy 

their Motions mS proceed in all Refpe^s, as 

if they rvere not influenced at all by thofe ac^ 

'.ciletafing forces. /, r'--. 

FOR thofc Forcfcs acting eqoall^(with refpeft 
to the Qy.Jiatities of the Bodies to be mo- 
ve3) and in parallel Directions alfo j they will 
(by the Stcond general Law of Motioti) as to the 
Pbin^ of Velocity/ equally moVe the fcveral 
Bodies, .and cohfcqucntly never 'dtcr their 
Motions and Pofitions with Rcfpcdt to one a- 
npther. , _ 

Having thus endeavoured to make fonie Ap- 
pliedtions of thofe nioft ufeful and comprehen* 
five Laws, of Nature laid down by the Great and 
fUfirioHS Author ; I fliall go on to his DoEtrine of 
Centripetal Forces^ and explain foine of the 
wonderful Theorems he has difcovcr'd upon 

that Head. 

• . .- . . » ■ . ■ ' • 

. Thi Effd of the Firfi Pm. 
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OF THE 

Centripetal Forces, 

.i^,v.miv,|iv AND ^'•-■^■^y^ 

, Velocities of Bodies'^ 

■^' Moving iri ' ' -■- . 

Curvilineal Figures. '' 
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Centripetal Force is that, ly which a "Body is 
dratvrty or impelPd, or by any other Means 
{howfoever) made to tmi to a cerj^^ 
Pointy as a Cmttr, < ji -tj . I 

OF this kind isthe Force of Gravity, of 
which a Body tends to the Center of 
the Earth; the Magnetick Force Jjy 
whicha Body tends to the Center of theLoad- 
ftone; aQdthatForce(whateverit be)by which 
thcPlanets are continually with-held from going 
on ia Right Lines, and forced to move in Curves. 
I 4 D"- 
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Definition II. 

The abfolute QuMtiiy of the Centrifetd 
farce ^ isthtMedfmre $fit^ gr ester or lefs^ 
in Fr(fbrtion to the EfiUuy of the Caufiy 
fropngiaing it a Centro ad circumferen- 
tiam. 

THus in one attraaivc Body, the Power of 
Attradion is ftrooger and greater than 
in another. The Magnetick Vertue is more 
vigorcfusmd fcrcible inoqe Load-ftonc,,tha|i 
in another. And (in the- greater Syftcmis oi 
Matter) that-Force^ by which the fame Bodies, 
at the fame Diftance ^froqi the Centeis of the 
Flanets, i<«rged towards them, is ftronger in 
one Planet than another. Thus (as we (hall fee 
afterwards) the Weight of the fame Body at 
any EHftanice from the Center of the Sun \% 
greater than its Weight at the fame I>ilhince 
from the Center of yi^pirrr J and this greater 
than that, at the fame Diftance from the Cen- 
ter of SatHttn \ and this greater than that, at 
the famie DiftaAc^ from the Center ;of Ihp 
Earth. '■■ h 
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i) E p I N I T I o N in. 

The JcCeUrating Qu/intity of the Vis Ccntr'i- 
pcta, U the Meafure oftt^ rvith reffeft to tht^ , 
Velotity which itgemrates in a given Time.' j 

EX. jr. The Vcrtue of the fame Magnet 't8^] 
greater at a lefs Diftante, and Jefs at s' 
greater Di/taucc. The gravitating Force of^ 
Bodies, is greater in tlic Valleys and deprefs'd 
Places of the Earth, than upon the Tops of high 
Hills and Monntainsi and is yet greater in thefc 
I elevated Places, upon the Surfece, than qt 
[ greater Diftaaces fi-om jr. But in equaj Di- 
ftances from the Eartji, 'tis every where the 
fame ; for all defceading Bodies, he they 
more heav7 or light, greater or fmaller, a- 
bating the RcCftante of the Air, are equallj! 
accelerated. The manifold Experiments made 
opon PesdHlMmi have fufficienlly prov'd thefc 
Things to be true in Fad. 

Definition III. 

The Quantitas MoCrix of the Centriptd 
ForcCy is the Meafure ofitj frofortional tit 
the Motion which it generates in an) gi- 
ven Time. 

Such is more or greater Weight in a greater 
Body, anda Jefs in a lefs Body ^ and greater 
Weight 



Weight in the fame Body near the Earth, and 
lefs at a farther Removal upwards. This Force 
is the Centrifetentioj or Propenlion of a Body 
towards a Center, or (as one may properly e- 
nough fay) the Pondtu of it; and 'tis always 
known (that is, the Magnitude of it is mea- 
fured or found) by that of an equal and contra- 
ry Force, fuch as is fufficient to hinder the Uei 
fccnt of the Body. 

EXPLICATION. 

5 Thefe Qpantities of the Centripetal Force 
[ Mr. Newton calls by thefe Names, and, for Di- 
[ illnGions falte, confiders them as referring to 
! Bodies, to the Places of Bodies, and to a Cca- 
I tcr of Forces. Namely, the fu Meirix re- 
I Jates to Bodies themfelves, as the Endeavour 
sb6 Propenfion of the whole (compounded of 
' fte Propenfions of all the Parts) towards a Cen- 
ter. The ^fcf AccelcrMrix refpefls the Place 
of a Body, as a certain Force or Efficacy (pro- 
pagated flora a Center, and difFufed thro' all 
the circumjacent Regions) to move Bodies that 
are in tbofe Places. The P^ii Jhfoluta rcfpeds 
the Center it felf, asfome way or other a Caufe, 
without which the flirts Matrices are not pro- 
pagated thro' the Regions about it. What the 
Caufe and Origin of Centripetal Force Is, is not 
noceflary to be determin'd here j 'tis fufficient 
that there is fuch a Tiling in Fad. As for IMat- 
ters 
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t«rsof pure phylical Confiderathin (fijch as are 
the Caufes and Subjedts of thefe Forces) 'twas 
Foreign to our Author's Purpofe and Defign to 
ciiter upon any pifcuffion of thcra to this Place, 
But here we may, take Notice of an ufcful Com- 
fiarifon between the yis AiCtUrMtnx., and what 
we call f^clactty. , for the f^n Avctltrairix bears 
the fame Relation to the Fit Mitnx, that 
Velocjt/ does to Motion j and as the Quantity 
of Motion arifesfrooi the Multiplication of the 
Velocity into the Qtiantity of Matter, fo does 
the yis Matrix from the Multiplication of the 
f^ii Accdertttrix ifito the Quantity of Matter, 
for the Sum of the Actions of thcfw Accelc' 
i-am^opon all the Particles of a Body, is the 
Fii Motriftof ,^hc wholcj as the Sum of the 
Momenta, arifingfrom the Multiplication of the 
Velocity into all the Pai ticlej of _a Eqdy, is the 
compleat Momcmumt or Quantity of lyiptioii of 
the whole: So that, at In Bodies of different 
Magnitudes, when the Velocity is the fame ia 
all of them, the Quantities of Motion are pro_ 
portional to the Magnitudes or Builds j foiQ 
^1 Bodies, when the accelerating Gravity is the 
fame (that is, neac the Surface of the Earth) 
the Gravitoi Matrix^- or the PondHi, is propor- 
(ional to the Qtianrities of Matter, that is (in 
HofflOgeneal Bodies) to the Magnitudes of thera- 
Bos then, afcendiug higher into the Regions 
jsjhete the acceIer^^ri§;jGra,yity, .^j l^fs, the 
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fmdiu of the Body is lefTea'd in pfoportionty 
that, even as the Momenlittn or Gravity of Mo* 
tion in a Body is faid to be leTs, in proportion t» 
the Diminution of the Velocity tvich which it 
nores. But univerfally, as in one Cafe the 
Momtfita are as the Velocities multiplied into 
the Quantities of Matter; fo in the other, the 
Virts or GravitMes Afotrice.'^ or Pondera are aS 
the accelerating Gravities into theQiiaolities of 
Matter. Thus if the accelerating Gravity in the 
Region Sbetwicelefs than it was in the Region 
m4, then the Pornitu of the fame Body M (hall be 
fo the Region 5, but half what it was in the Re- 
gion A •■, but if the Body IV be twice or thrice 
lefs than the Body M^ then t!ic Weight of N 
will be 4 or « times lefs in the Region B^ then it 
was in ^. 

Siippoft G = the accderaiing Gravity of the 
Body M in the Region A, and, the Qnantity^ 
denoting either an Integer oraFraflion, Gf 
fhall exprefs the acclcrating Gravity of Min 
ihe Region B, according as it is greater or lefs 
there then in the Region A. And becaufe the 
acclerating Gravities of all Bodies in the fame 
Places or at the fame diftances, are equal ; 
therefore thefe Quantities G and Gp (hall exprefs 
the acclerating Gravities of the Body N, Pofited 
at thefame Diftances, in the Regions Aand B, 
with the Body M. Therefore M«G is the Pou- 
Atfofthe Body M in the Region A, andN'<G/r 
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is the Pondm of the Body N in the Region B, uni- 
verfilly. Now Suppofe M:N : : 2: 1. aiid/=:/ \ 
thcnM^G:N><Gf ::MxG:lMx; G:: i:; to 
that the Pondm of M in the Region A is quadn- 
pie the Pondm of N (a Body half as big) in the 
Region B, where the accelerating Gravity is ; 
of that m the Region A. Suppofe M: N : : 3 : i. 
iheuMxG: NxGf::MxG: i M>< ;G::i: J,iii 
which Ca(e the Weight of N in the Region B, 
is 6 times lefs than that of M in the R^on A ; 
and the like in other Cafes. 
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Prof. I. Theor, I. 



The Arca^s iri&/V& revolving Bodies defcirbe 

(by Rsjfs dratPH to an immovahle Center cf 

Force) do tie in immovable PlaneSy and are 

- froportionabce to the Times in which they 

are defirib'^d. 

LE T SABCDEFS be (F/G. I.) any Polygon, 
and the Lines AS, BS^&c. drawn to the fix'd 
Point S. Produce the fides AB,BC,CD,D£,£F to 
the the Point r, d^ r , /, in fach a Manner that 
AB may=Bir, BC=C^, CD=Df, DE=E/; From 
the Point C draw CR to cut BS in R,and let it 
be parallel to c B, and C c parallel to BS -, fo 
likewire draw D J parallel to SC, and Eeto 
SD, andF/to SE. The Triangles SBC, SBc 
are equal being upon the fame Bafc SB, and be- 

tv^cen 



C 127] 

tween the fame Parallcl'sSB arid Cc Alfo fince 
AB=Bf, the Triangles A5B, BSc are equal, 
therefore ASB=BSC. So inlikemanner 'twill 
bcprov'd, that the Triangle CSD is =CS<i be- 
ing upon the fame Safe CS, and between the 
fame Parallel's CS, Dd ; but becaufe BG=0/, 
the Triangle BSC=CS d^ therefore BSC^CSD, 
and confequently ASB-CSD ; and by the fame 
way of arguing we fliall conclude al! the Tri- 
angles of the Polygon to be equal to one another, 
mz. ASB=BSC=:CSD=DSE=ESF, t^rr. Now 
I /hall demonftrate that in equal Times» a Body 
(urg'd by a centripetal Force tending to the Cen- 
ter S) will defcribe tliefc equal ArtJs. For let 
Texprcfs any Portion of Time divided into fe- 
veral equal Parts cxprefsM by A. B-CD-E-tTT- 
and let us imagine a Body plac'd in the Line AB 
at the Point A, and to be carried by fuch a Force 
that in the firft part of time A it wou'd defcribe 
the Line AB. It's plain (by the firft Law of 
Motion) that if the Body were not otherwife 
hinder'diathezdpart ofTiraeB, it wou'd de- 1 
fcribe the Line Bc=AB, and fo the Ana'i ASB^ ' 
BSc wou'd be equal. But when it is come to 
the Point B imagine the centripetal Force to 
exert it felf and begin to caufe the Body to teijd 
towards the CentciS (which we will fuppofe 
to be the Center of Forces) and let this centri- 
petal Force be fuch, that if the Body were en- 
tirely aded by that, it woii'dpiakeit defcribe 
the 
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the Line RBia the TimeB. Here then the Body 
at the Point Bis drawn by two Forces, the one 
, its innate Force whofe Diredion is from B to r, 
the other the Centripetal, whofe Dirediou is 
■from B to K. Therefore (by Carol. 1. of the 
Laws of Motion) the Body will move io th*' 
Line BC the tJiagoual of the Parallelogram 
RBCci and at the end of the Time Bit will be 
found in the Point C, ever in tjiefame Plane with 
the Triangle ASB. In like manner in the 3d 
part of Time C the Body will defcribe the Line 
CD the Diagonal of the Parallelogram of which 
the Triangle CD i^ is the ;: And in the 4th part 
-of Time 'twill defcribe the Diagonal DE, and 
ib of the relt : So that by the Conjundion of 
thefctwo Forces it will defcribe the Periphery 
of the Poligoae ABCDEF. Now the Triangles 
ASB, BSC» GSD, €^f . were proved to be equalj 
but they are defcrib'd iq the equal times A, B, 
C^&c. therefore equal ^mV are defcrib? in e- 
qnal Times; and confeqaentiyTirae A: Time 
AH-B : : -^rtA ASB : : Art» ASBi BSC, an4 
"time A : Time A-hB^C : : jire* ASB ; j%^ 
^^X^BH^BSC^BSi^ and fo on •, that, is the jlrt* 
(defcrib'd are as the Tinfts of Deltription. Now 
if the Lines AB, BC, CD, &c. the Cafes of the 
Triangles be dlmioifli'd, and their Number aug- 
mented infinitely, thcPaftmeicr of the Poligone 
Will become a Curve Line, and fo the Centripe- 
tal Force (by whidr the Body is drawn out of 
■■ ' the 



the Tangents) will ad incelTantly, and without 
IntermilTioa. Aod any jirtas defcrib'd (which 
in the former Cafe w ere (hewn to be proporti- 
onal to the Times of Deicriptioii) will ftill 
continue proportional to the fame Time in this 
Cafealfo. a:E: D. 
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I. 



In Mediums where a Body meets with no Re- 
■fittance, if the j^reiCs are not proportional to 
the Times, the Forces do not tend to the com- 
mon Concourfeof the Rays. iray,innon-rcfiIting 
MedtHim: For in -^/eiJ«>wj where a Body meets 
.with Reliftance, and fo is any way hinder'd in its 
Motion, the j^rcfl'/ maypoljibly not bepropor- 
tional 10 the Times, and yet the Forces may 
itend to the common Concourfe of the Rays. 
•■£x. gr. Suppofe in (F/ff. 1.) the Body to hare 
ftdefcrib'd theLine ABin the Timer, and where- 

(if not otherwife hinder'd) it woa'd defcribe 
iBc=AB in the next eqnal Poition of Time, ima- 
gine it to meet with fome Reliftance, To as to 
tiefcribe no more than 8?) in the fame Time; 
then the Triangle SB n=SBm will be lefs than. 
iSBA -, fo that the centripetal Force ading as 
before in the Cafe where we fuppos'd no Refi- 
nance, the j^rea^j will not now be proportional 
to the Times, and yet the Forces tend to the 
!iP(»Ut S the common Intwfedion of the Rays. 

K Cor. 



c i?o:i 



. Fig. 2. 



C O R. II. 

In all AdStdwrn whatfoever,if the E>efcriptioii 

• of the Area^s be accelerated f that is, if an eqnal 

•jlrea be dcfcrib'd in a le£s Portion of Time, era 

•greater Aria in an equal Time) then the Forces 

do not tend to the common G)ncourfe of the 

' Rays, but decline from thence in ConfeqiunHd 
("that is, to the Parts towards which the Body is 
moving. 

For (JPIG. II.) AB being =:Br, the Areas 
ASB,BS r, taken about the fame Point S, will eter 

* be equal. But if we took a Point as P betwew 
' S and A, the Art^Cs ASB wou'd be grater than 

x\it Arcane. On the other Hand, if we take 
a Point as Qon the other Side of S, the Ana 
fide will be greater than AS& Therefi>reif 

when 
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when in the firib Portion of Time the Area ASB 
was dertrib'd, in the id Time a greater Area-, 
as BQL(=BQ,c) bedefcrib'd ^'tis certain, that 
.the centripetal Force mufl: have aded with a Di- 
vTccKon, as LG parallel to B o Q^ that is, tiiat 
ithe Forces now tend to the Point Q. The fame 
■may be (hewn tor any other Point takca in the 
Tame Right Line beyond Q.; iftheDireiaion"of 
the y/rfii'j be accelerated, the Tendency of the 
j^orceswill JliU be in Confeqttentia. 



H E O K. 



IL 



'^■E'uery Hod) moving in a. Curve, and (by Rajj 
draien to a, certain Pointy either immevahle^ 
or going on uniformly in a, R igbt Line Mo- 
tion) defcr.bing Area's abont that Point 
proportional to the Times, is urged bj ' a 
Centripetal Force tending to that fame Point. 
rSee FIG. I.) 

CASE I, 

■?|^0R every Body moving in a Curve, is car- 
'^JT ried out of its Right Line Courfc by fome 

Force afting Upon it, by the drO: Lim of Motion 

And that Force by which the Body is made to 
•defleft from its Rediline Courre, and tode- 

fcrtbe the little equal Triangles SAB, SBC, 
-SCD, in equal Times, about the immovable 
^Points, miift a-'ti inthe-Point B with a, Di- 
K J reaion 
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m 

region parallel to the Line C r, by the Second 
L^m of Motion: That is, it aft j' with theDi- 
reftio^ BS. So in the Point C it afts according 
*to a I^ine parallel to D^, that is, by the Line 
C%i for the fame Reafon : And fo *tis every 
"Habere. Therefbre'it always afts according to 
Lines that tend to the immovable Point S.QiED. 

• 

CASE II. 

« 

If the Plane in which the Body defcribes a 
Curvilineal Figure(and confequently the Center 
or Point to which the Forces tend) moves uni- 
formly in a Right-line Direftion \ 'tis all one 
a$ ta the Effeft (by CorolL 4. to the general 
'Laws of Motion) whether it'doesfo, carrying 
the Body and All along with it, or whether it be 
abfolutely at reft. So that either way the 
Truth of the Propolition is manifeft. Q, E. D. 

S C H L. 

'Tis poflible that a Body may be urg^d by a 
Centripetal Force, compounded of feveral Or 
ther Forces j about which Compofition of Forces 
wc l\ave fpoke fufficiently already in the firft 
Pages of this Book. Now always in fuch Cafes 
as this, the Senfe of the foregoing Theorem^ is, 
that the Force which is compounded of all thp 
reft, is that which tends to the Center. Ex. gr. 
:Suppofe in FIG. II, Pag. 7, where the Force 
,a3ing with the Dlre<^ion C6 i$ ihewn to be 

cqui- 



^ 



■!- 



equivalent to the Forces ading with the Di- 
redions CD, CE, CF. We are to conceive 
the compound Force, whofe Dircfaioa is CB 
to tend to the Center; fo that the Center of the; 
Forces, where all the Rays meet, isfomewhcrc 
or other in the Line GB (produced at ieaft- 

'Tis further to be noted, that if therc'be 
any Force that afts with a Direction perpen- 
dicular to the Superficies dcfcrib'd by the Buiy, 
that this Force may be altogether left out of 
the Account of the Compolitiou of the Forces. 
For tho* it makes llie Body to decline from the 
Plane of its Motion, yet it tends no way to 
alter the Magnitude of the Surface dcfcrib'd, 
neither as to the encreaiing orlefiening of it, 
and may therefore be negleded. 

T H E O R. III. 

E'viry Body (rvhith bj a R/iy drawn to the 
Center of artothtr Body (honfae-uer mov'd) 
deferihes Ai'ea'j about that Center propor- 
tional to the Imts) is urged with a ions 
compoanded of the Cenlripetal Force tend- 
ing to that other Body, md of all the me- 
ieratinp Force rrith which thiit other wmj 
" it felf is ur£d. 

fir, ET the Body M defcribe Area's propor- 
P i tional to the Times, about the Center of' 
itieBody M.-i andl«ttheBody N be urged wii^h 
K 3 at 




N 
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an accelerating Force, as -HA- Suppofe now 
both Bodies to he dr^Wfl in a parallel Dircdloii 
by a new Force equal and contrary to the for- 
mer, which put =^~A. Then, notwithftand- 
ing, the Body M will defcribe Are^s propor- 
tional to the Times, as it did before'thc Adion 
of this new Force, with refped to N, (by 
OTi 5, to the La:tos of Motion \\ but the Force 
—A will deftroy the Force -Vh in the Body N 
(which will now therefore either quicfce, oi: 
move uijiformly in a Right Line (by the firfl: 
i^TP of Motion?) But alfo becaufe the Body 
M is influenced by this new Force — A-, there- 
fore the Force by which it at firft tended to 
the Body N being call'd C, the Force by which 
it is now urged ihall = C— A \ which Force 
(by Ttotor. 11.) fhall ftill tend to the Center of 
the Body N, becaufe we have (hewn, that the 
Areds^ with refpefl: to that Genter, are ftill 
proportional to the Times: So that every 
Body, ^f . Q.: E : D. 

C O K, 1. 

Hence if pne Body, with a Ray drawn to 

^^er, defcribe§ Areds propprtional to the 

Times i and if from the whole Force (whether 

a fimple or compounded one) with'which the 

former Body is urged, we fiibfi^r^ the WhSe 

accelerating Force with which- the ktter Bely 

is urged ^ ^1 th^ remaining Fof^ by iitMch 

the 



\ 




I 
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"tfieibviiier Body is urged will tend to the latter 
Body, as its Center. This is plain frcm tbat 
Demonftration ; for the refulting Force is =: 
,C-A. 



C o 



II. 



I 



If the j4rtas be not acairately, but only 
nearly proportional to the Times, then the re- 
maining Force will not accurately, but nearly 
tend to the other Body. And the Converfe of 
"this is true alfo. 

Cor. III. 

I If a Body with a Ray drawn to another Bo- 
■4y clefcribes Artds^ which corapar'd with the 
;Tioies, are very unequal; and that other Body 
js either quiefcent, or moves uniformly in a 
Right Line ; Then, either there is no 4^ion 
pf the Centripetal Force tending to that other 
Body as its Center, or elfe its raixM and com- 
pounded with fonie very ftroug Aflious of o- 
ther Forces : And the whole Force(coni pounded, 
of all, if there arc many) is directed to another 
Center, either a movable or an immovable one, 
about which the Defcription of the Are»s is 
equable and regular. And the fame holds, 
when that other Body is moved even with any 
fort of Motion \ provided the Centiipetal 
Force (that which we here fay isdirefted to 
K 4 aqq- 
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another Center) be taken for tlie Remainder^ 
after the Subftfaftion (of the whole accelera- 
ting Force that ads upon the liatter Body) 
from the real Centripetal Force of the former 
Body. 

The Reafon of all which is eafily deduciblc 
from the Second Theorepi (foregoing) in Con- 
jundion with this Third. For where the jireas 
defcrib'd are proportional to the Times, there 
the Adionof the Centripetal Force tends to a 
Center, that is, either quiefcent or pioves uni- 
formly in a Right Line : This is plain from 
Theor. II. Therefore if that Center be either 
quiefcent, or moves uniformly in a Right Line j 
and the jireas defcrib'd be not proportional to 
the Times, 'tis a fure Proof that cither the 
Adion of the Centripetal Force does not tend 
to that Center at all, or elfe that 'tis confound- 
ed and difturb'd by the powerful Aft ions of 
other Forces. And if according to the Tenour 
bf Theor. in. the Center here fpoken of be ano- 
ther Body, the Reafon of the prefent Ccrollary 

' will be fufficiently clear and manifeft. 
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Figl- 



L^E M M A I. 

Let AB be my Arch of a Curve , jTIG. III.; 
the Right Line AB its Suhte/tfe^ and AD 
its Tangent equd andfdrallel to the Ordi- 
nate CB. When the Points A and D came 
injinitely near together ^ the Arch AB, the 
Subtenfe AB and the Tangent AD rviS be 
e^aal to one mother \ or in /^eNewtonean 
Style, the Ujl Ratio of the Arch, the Chord 
And Tdngent will be x Ratio of Equality, 
Each one of thefe Lines therefore m.ty be ufed 
or taken for the other in all Argument atious 
shout ultimate Ratio's ; that ts^ when thefe 
(^Mtities are'conjlder^das iJaniJhifJgapoff 
the inftiitelj near A^proofk of the Points. A 
and B together. 

This 
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This LemiuM appears to be fo dear and e^ 
dent, that I have forbore to demonftrate it np- 
on that Account. 

L E M M A II. P R O B. 

TheLmesDB, Ab hetag parallel to JCy And 
eonfequentlj Perpendicular to AD ; draw- 
it^ the Lines BG, bg alja Perpendicular 
totbeSubtenJes AB, ab; Let it be requi- 
red to fnd the ultimate Ratio of DB, d b 
(the Subtenfes of the Angle of Conta£f) to 
the conterminal Arches. ABy a b ; becaofi 
ef the Right Angles Abg, ABG^ a Circle 
fifi thro' the Points Abg, as alfo another 
Cfrek thre* the Points A,B,G, 

LE T the Arch AB = A, Ah~a AG =2R -, 
A£=lr. AC=Xi Ac=x. BC=Y.bc=y^ 
AB = D and Ab = <^- Now becaufe of the 
Grcles we have thefc Equations YY = z 
RX-XX, and DD -iKH; yy^irx~xx and. 
iid=irx\ and dividing by 2R.aad2j-(which 
-ore each of them a Itandiag Qpantity) DD will 
-always be as X, aad dd as x. But when the 
Points A,B, and A,^ approach infinitely near, 
the Qyantity X becomes i, and x becomes i, 
.and are the Subtenfes of their refpeftive Angles 
of CoataS, alfo ihe Chord p is in this Cafe 
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ct^ncidcnt with the Arch A, and the Chord d 
coiacidept with the Arch«i therefore iR x 
is = A' and A" is as x, Ukewifc 2 r i = m, and 
aa is as x, fo that the Subtenfcs of the Angles 
of Contaa are as the Squares of their conter- 
minal Arches. Q; E. I. 

S C H O l. 

We have only here conlider'd tib and DB 
(.the Subtenfes of the evanefcent Angles of 
Coataft) as Perpendiculars to the Tangent AD; 
but it will be the fame thing if we fuppofc 
them to be inclined, for let AD and BDmake 
any given Angle, then the ultimate Smio of 
BD to yd will be the fame as before, and con- 
fequently the fame with that of AB? to Abtj ; 
If the Angle D be not given, yet the Angles 
D,d will always converge to, and come nearer 
an Equality, than by any Difference aflignable, 
and confequently will at laJt be equal ^ there- 
fore the Lines BD, *^ are in the fame Undo to 
one another as before. 



Thboh. 
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Fig. 4; 




H E O R. 



IV. 



bodies defcribing differe9$t Circles with dn 
efu^l^ Motion ; their Centripetal Forces 
tend to the Centers of thofe Circles ; and 
to the Lmv of thofe Forces tna^ alfo be dif 
cfyver'd. (¥IG. IV.) 

I, fTpHAT the Centripetal Forces tend to 
. JL the Centers of thele Circles, is molt 
evident. Forfiftce (he Motion in the Periphe- 
rics is fuppofed equable, therefore frpra the 
common Principles of Mechanicks, the Arches 
run will be as the Times in which they are run. 
But the SeSors (or jirea's taken from the Cen- 
ters of the Circles) are in Proportion as the 
j^rches upon which they ftand. Therefore thofe 
jirea^s are as the Times j and therefore (by 
Tbear. II.) the Centripetal Forces tend to the 
Outers. 



k 



2. Imagine the Bodies to defcribe the Arches 
BD,W in th-: fame time, antl let CD, r^ be 
drawn parallel to SBfr, that i'i, pevpendicnlar 
to the rerj>eLT;ive Tsn^ijeuts BC, ic Now lincc 
'tis by the Centripetal Forces that the Bodies 
arc drawn out of the Tangents intp the Cir- 
curafcrences, 'tis plain that thoik LiattU CD, cfl 
(conGder'd not as of any lioite Length) will re- 
prefent the Centripetal Forces : For they aie 
the genuine EfFefts of Ihofe Forces, produced 
in the fame time, and therefore are propor- 
tional to them. Again, becaufc they are LU 
nteU Ntifvemes^ they will not differ from others 
that tend to the Centers of the Circles, whi- 
ther the Centripetal Forces ought to be direft- 
ed, by the former Part of this Prep. III. 

3.N0W to difcover the Law of thefe Forces, let 
S=R.SB=r. W=iA,BD=«. c^=x (Snbteafe of the | 
Angle of Contad, in thegreater Circle) CD= 
(Subtenfe of the Angle of Coataa:) in the lels. | 
By Urn. 11. we have 2R x = A A. and 2/* = *w» ■ 
fo-thatA': «' : : zRx: 2 J"*, confeqnently K : 

A' a^ 
; ■ : r- : — . That is this T h e o r. viz. The 

R r 

Centripetal Forces are as the Squares of the 
Arches (defcrib'd in the fame Time) divided 
by the refpeaive Radii. Q.: E : L In order to 
the Inveltigation of the many noble droliariet 
that flow from this Then-em, we are obliged 
to introduce theft Symbols. C= Centripetal 
Force. 
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Force. T:=:Tinie. V = Velocity in the outer 

Qrcle hd ; and f, r, w, to exprefs the like 

Qpanlities in the inner Circle BD. By the 

A" a' 
Thtercm 'tis C; c::^- : — i but becaufe the 

Arch«s A, «, are dercrib'd in tke fame Time, 
therefore, by tUe Principlesof .^Wjfl»(f,tj, the 
Velocities are as the Spaces, that is, the 
Arches run ; therefore V : -y ; ; A : «, therefore 

C : c : '. 5- = ~» that is C o r. I. The Centripe- 

htal Forces are as the Squares of the Velocities, 
I ^divided by thiRadii. Tins isthe Law for the 
Centripetal Forces, in the Cafe of infinitely 
fmall Arches defcrib'd in the fame Time. Let 
T,t, exprefsnow the whole Periodick Times 
ofdefcribing the Circles, and let the Periphe- 
ry of the outer Circle =P, and that of the in- 
ner z::?, and all the reft as-before. From^e- 
chanicks^ theTImesof defcribing the Periphe- 
ries P, p, are in the Ratio compounded of the 
direft Rtnio of thofe Peripheries (or the Space, 
run) and the Reciprocal of the Velocities, that 
is, T : f : : P**"^ ■■ P'^y i but P.p::R:r (the 
Peripheries are as the Radii} therefore T : » i : 
Rx^ : rxV, but alfo V : v : : A : rf (the Velo- 
cities in theeqnable circular Motions are eter- 
nally as the Arches defcrib'd in the fame Time) 
thcreforeT:r::R'<^:'-«A, andTf A = tR.i, 
and (fqoaring) T'r'A'= t' R'«', ther«fi>re 
A' 
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a; : l! ::L1 ; T=^ but (by the T^wr.) C i c:: | 

^: — , thereforeC:c::— : -r-> or, which ii J 

al]one,C:c;:R«t':»-«T, ihatisCoR.H. The I 
Cemripetal Forces are in the^iiriacoDipoaatUJ 
edofthedirea^4i(;p of the Radii^ and there- , 
ciprocal Ratio of the Sqnares of the Periodicfc i 
Times. Which is the Law for the Centripetal 
Forces, when we coniider the whole Periodicic j 
Times. Now, from thefe general Laws dll tfte^j 
others, relating either to Ceiltripeial Forces 
or Velocities, are eafily deduced, makiigaiiy 
SuppoJition whatfoever. For, whatever the Pe- . 
riodick Times be, we have got a general The^^ 
rem for the Centripetal Forces in this lait Or$l- 1 
Ury: And as for the Velocities, they are ever 
as the Arches A, a, defcrib'd in the fame Tim^ ■ 
and confequently will be found by the Propor- 
tion of thofe Arches. 

Ex.£r. I. Let as fuppofc T= t. Now fince 
by Ctr, 11.) 'tis C : * : :— : - 

Hypothefis) therefore C-.cr. —: ^•■:K: r. 

ThatisTHEOR. If the PeriodickTiOics-ate 

■ equaljthe Centripetal Forces are dJreftlyas the 

Rays. For the V(f locities, TThCici: -^ ■•- 

■ ■ (by 



■ (by Cn^. II.) 'tis C : e : :— : E, Md (=T (by 
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(by CoTi IJ and C : c : : R : r (in this Cafe of 

equal Times.) Therefore -=- : — ; : R : r. from 

^ R r 

whence V : t; m R : r. Thcor. The Velocities arc 
.direfitlyastheRays, when the Periodiek Times 
are equal. 

z. LetT: t't:R:r. Therefore fince C : c : : 

tl: Z* (by Or, IL)*tis plain, that G=c. Tifrear. 
r. R 

. if the Squares of the Periodiek Times be di- 
, redly as the Rays, the Centripetal Forces are 

equaL For the Velocities. 'Tis C : r : : ~ : _ 

R r 

(by Cor. I.) and C=:c (in this Cafe j) thererefore 
~= -^, from whence V? : v* : 5 R : r^ and V : ^; : : 

ijL»:r»* Tlicor. Thfe Velocities are direQ:ly in 
the. fubduplicate Rdtio of the Rays, when the 
Squares of the Periodiek Times are as the Rays. 

3. Let T' \t':\ R* : r\ Therefore fince G : r : : 

— : ~(byOr. IL) 'Tis clear, that Cicii 
r R - . 

r : R. Thtor. If the Squares of the Periodiek 
Times be as the Squares of the Rays diredly, 
the Centripetal Forces (hall be as the Rays reci-* 

procally. For the Velocijties. 'Tis C : c : : 

V* V* 

-S- : — (byOr/I.) a|idC;c:: r;R (in this 

Cafe) 
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CWTc) tbcrefiMre J z !L* • : r : R^ frrai whcnci 

K T 

V* = v\ and V=^/. T h e o R. If the Squares of 
th^Periodick Times are as the Squares of th« 
Rays, the Velocities are equal. 

4- Let T* : ^ ^ : : RV s r\ Therefore fincc 
G: c ::il : -L* ^^by Cur. if.) 'tis plain, that 

C:r::r': R\ The or. If the Squares of the 
Peribdick Timei^ be as tlrt Cribes of the Rays^ 

the Centripetal Forces (hall be reciprocally as 
the Squares of the Rays,. For the Velocities. 

V* v"" 
'TisCir::^-' ~ (by C?f. L) and Crrc-.r'i 

R' (in thisJ)r€fOTt Cafe) therefore j^: ~:: 

t ' : R% frt)m whence we have V'R = vV, and 

V : V : : r " : R* T h*£ R. When the Squares 
tjfthe Periodick Times are as the Cubes of the 
Rays, the Velocities are reciprocally in the Sub- 
duplicate Kaxio of the Rays. 

SXetT^^J r'^i:R":r'* univerfally. Therd-^ 

f * T* 

forefinceCic: t — t ~ (by Or. II.) and T' . 

^ * : : R— : r_ (by the Confequence of this 
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Suppofition) therefore C : c : t rm : Rm", that 

t R 
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ZH-^m r> 2ft — m 



IS. C: c :: r : K 



772 



. For the Vclo-* 



cities. We have C : r : : 5= : - ((tomCor. I) 



and C : c : : r -~^~^ : R ^ 



^ m 



v. 

, therefore -^; 



J from whence (by juft 



«A* 271— i»i 

T::r • : R-; 

^ \ m ' m 

Operation with the Exponents) we fhallhave 

y ; V : : r — - . r R • So that if the Expo- 

mm ^ 

XLtiA of the Pcriodick Times be 772, and that of 
the Rays be tzn ; then the Exponent of the Cen- 
tripetal Forcesftall = ^^i:^, and that of the 



m 



Velocities fball = 



^p^m 



m 



Qj E. I. 
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53f iatrmime tbt'Sftet the CtMfrrfttjd fcret ] 
, ;, XMM*d carrj « Bo^f thrify im ^bej'jm* Tiftf^ 
. thit it defer ibts A7 gtveit Ar.A tf ».Q 
\ fie, tm ifhitii Vi» piffofd /jf. J^f^wi,., 
.Jwrmlj, , , .. .,tupo:,u =. 

A to be adcd entirely bj the Ccntripetri 
'Force, andifcx^lRtwn onbyit inltbe Diameu 
BQ.towards the Center S. ]^ow, if.thisf 
lie fuppos'd to remain Hill 'iftc Taitie, with6(ll 
iiyfflannCT; of Aiwation, *nclt9a^^epolula^'j 
Body by cQ^ilmuaJ, repeated Inipulfei ; thca Uuh I 
fiodywill b'e carr}''dby it 'after i,lie fame ma'a- f 
/er, and according to the' ^tifii^.L^w,^ that | 
wou'd beby'tlieForceof Gfavity. And thecCf 
fore'theBody(thiB^;teduqionby:i)(eGentiipe« 
Force) wcu'd defcribe Spaces, ia the UupUc 
j?«t(o of the Times : For l.h^t is tbe Law o/C'r. 

y«y (byr^rcr.ll. CuI:L ■-0'4/,iji.) ' 

'.' "THis premifdV Let the| inlinr^ely ftjiajj 
Atch BD"^'.l' and" the Pafticlc'Df Jiroe'^ 
dcfcribdiitt'tbe -put == 1 ; Slffe let the gin^ 
Arch (iateaded in the IrokUm^ f?-. jBE) r 
and the Time 'tis dcrcrib'd in ue =T'.''' 
becaufc the Motion in the Circle * 
equable, 'tis t : T : : « : A, and 1 ' 
L 1 
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A% (from v/hat GaliUtM has demonftratcd a- 
bout equable Mation^.) Alfa^^putting the Dia- 
meter of the Cirdc= D) 'tis a' : A' : :^: ^} 

t»fe^ft»rc >^i :^^' t^^'V Btft^fttws flicwn 

l^V^ife, tki tliy- Spaces wHich' the Body 
I^iSed hf' tfe ^trtjjethl foitfe) ^defctibes, 
areas the Squares of the Times ^ and there- 
fore tlk)l^ f^fasTiareas the Qpaatities ^, agS 

iBAt inltltd Tiote r, while: the Ihtie Arch ir. 

t. •; ' :> 



-^ •■ . ■ . • . Hi • ^ ■ "> '. 'i 



MSefcrib'da y^^^^ Fbr^c carries the 

fibdjft' tii«D8$ll («be little S^ace ^ (by Art iL 

'pt^^X^^^^^ii in the Tijiic t, whilp tfte 
Arcft jAl" is"' ^eicriD'd, it wou'd (if the Bd^ • 
were JToiai^ ^^'iy'it) catty it thr^ the S|)kce 

^9 , Fwwi iirb?dQe arifcs this T he o r- * Tliat 

'w 'n^^^^ liia Circle del 

icribcs any.giY^ Arch BE, iu'thc fame Tinici 
if it were carried by the Centripetal Forcis in a 
JRjS^U^cal' (^^^ if W9n'd delcnbc a Space 



:. I 4 w I . i fc «x^M ■ -^ 



«f«{4 ta^; that 19, to the Sqoaire of that 
*Ar|^ airidol by th^ piaiQcterr' <^^ 

r ■' , :•■- : -^ ■ . . ; 



«'.....■ Co&^ 
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C O R. J. 

Bodiesdefcribing different Circles with equa- 
ble Motion? ; the Spaces (they woa'd be tar- 
ried thro' by ihe Centiipetal Forces in thofe 
Circles, in thefameTime) arediredlypropor- ' 
tional to the Centripetal Forces themrelves, 
£x.gr. Let D, d. be the Diameters of Two Cir- 
cles, having their Center common ; /«. k Two 
infinitelyfrnall Arches defcriVd in thcfc Circles 
in the fame Particle of Time=r. A. B. any Twb 
Archesof a finite Length defcrib'd, theonc ia 
one Circle, and the other in the otlter, in the 
fame Time T. Then from what was (hevm be- 

"' A' 
fore t'-i T=:;^: ^, for oneCircIci andalfo 

y. {^. 
t-iT'y.-j- ^, for the other Circler Tberft. 

d"'D' d' ^^^ ''^^ ''"'^ ^^^^ ■* 3"'* ^ ^e- 
ing defcrib'd ill thefameTime (B/theHypo- 
iheUs^^heQuaofitiK ^ , ^ exprtfs the Pro- 

pwtioa of Etw behtripfitaf Forces in thofc Ci^- 
, cierby^r/Ht.rWn'.) Alfo the'CjuantiTies 

j^j ^are the Spaces the Bodies arecarry'd 

L 3 thrc^' 
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thro' by theJ Centripetal Forces in thofe Circles 
in the Tiine T (%y the SiippbfitioD.) There- 
fore the Confcqpcncc is clear. 

. Suppofia|; all /^s before i the, Spacer that :the 

Bodies wouU b|e.. carry U tjirp' by the Cent riper 

t^ltorces, in unequal Time?, ar^ja the Ratio 

,cpmpounde4 of the Squares of the Tinies^ and 

thici.Ceiitripetal Forces. All the other Symbols 

^aading, let, the Arch B be deftrih'4 ia.the 

Ti|ne ^ the infinitely fmall Ark$'^.andi being 

iuppofed to be defcrib'd in the fame Particle 

' ' "-.^ 4*' A* 

of Time ^ as before. Then t ' : T* : : jz • =^, 

■*■?•■■« " .\\. fe* B* ' ••■•""' 

for one Drcle, and r *. * ' • • y ' -r^ for the; 

other Circle. Thctcfore (equalling thcfe Two 

Values of t \ and making the Analogies from 

A* B* «* b^ 

thence) we have — • -j - : T'x— : *x^- But 

the Two formchr Terms of the Analogy ^re the 
Spaces the Bodies wou'd be carry'd thro' by the 
Centripetal Forces in the Time T and 9 j and 
the Two latter Ternois arc contfpounded of the 
S^^^ries of thofe Times , smd the CeQtripetal 
JFprcpsinthjpTwo Circles. . JJjfy^fore, c^rj . 



> 






Cor. 
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Cor. II. 

IftheSymbolsAand B,inftcad of Arches, da- 
note the wliole Circumferences of the Circles, 
and confcquently Tand G be the whole Periodick 
Times of the 'Oefcription of thofc Circnnip 
ferencesi then 'tis evident, that the Quantities ■ 

A' B' ■ 

— , — ' will be to one anotheras D : d. that [L 
D fl 

the Spaces (the Centripetal Forces wou'd car 
ry the^odies thro' in the Times that the Cir- 
cumfereacesaiedefcrib'd) wou'dbcin Propor. 
tion as the Diameters, or the Circumferences. 
For A : B : : D : ^ (that is, the Peripherics are 

L r.- . \ - J r A=. B' D' i/'V 
as the Diameters) and fo ~ : —::-.: —:: 
U a ij a 

D : </. And there's no need of any Proof tbgt 
this mull be true univerfally, whatever be the 
liaiio of the Periodick Times, or in what une- 
qual Times foe/er the Circumferences of the 
■Circles are imagined to be defcrib'd fey the 
iTwo Bodies. However, if there were, tTie 
-youn^ Student for his E»er.cife mfght oaHly cfear 
it, from the general Analogy iathelatt C*«^/- 

D ' «i " ' 

ft' t J a' h^ 

P ** ;^ : fl" K— ' : Now, the Qpantities— - , -^.- 

Da LJ a 

cxpreffing the Centripetal Forces in thefe Cir- 
cles, let us ufc the Symbols C. c. for them, and 
L + theu 



( 
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A I R * 

then the Anitogy ftands thus, viz.. - : -'■ : : 

T*><C:9'^r. Nbw, here let the Periodick 
Times be in whatRatU of the Rays we i^^leafe^ 

At ]D2 

we fliall iUn find — : -X : : D : d, Ex. gr. 

Let the Periodick Times be equal, that is^ 
rF=:fl, then will C: c i: Did (by what was 
Ihewn above at the Corollaries of Theor. IV.) 

A* B * 

and canfequeatly rr • -^ i:D:d. Again, let; 

A' B* 
T^: f : iDid, then wUl C=:r, and fiaig • ^ • 

pid. Let T^:9':: D';VS then wiUCic; 

A^ B* 
A^ : ly, aqd confequcntly - : -. : :D^ >^ ^' 

4J 5xD* : : D : 4. Aiid fo propo^ftionably in any 
A)ther Suppoiition t|[)at may be made. 

C Q n. IV. 

From what is found in this Brobkmj w^ 
j^y eafily compare Centripetal Forces with 
any other knowA force, foch as that of Gr^- 
wity (£*• XT.) which ihaB be the Bofinefs of 
%\itfQVfifSFiip.^Prohlfm. 






.P R q B, 
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P R O B. II. 

To fi/fd the Proportion of the Centrifttd 
Ffiree to tht^ cf Gravity. 

Using the fame Symbolsas in Troh. I, fuppofc ' 
in the Particle of Time r, while the little 
Ark BD=<i is dcfcrjb'd, (FJG. V-) the Body by ^ 
the Force of its Gravity dcfcrib'd the little j 
Space BP, which put ~p. Then in the Time 
T, while the Arch BE=A is defcrib'd, th» , 
Body will have defcended through a Spacer | 

^4^ (for t'lT'-.t p: to the Space defcrib'd * 

iji the 'Time T, by the Law of Gravity') = BR 

(£Ar.^.;BHt^^=^ (fincef: T' : : «*-. 

A', becaufe of tbe equable Motion in tbe Circltj) 

So that BR -^^= the Space defcrib'd ^jj 

the Gravity in the Time T. But in the lame 
Time, the CentripetaJ Force wou'd carry tho 

Body thro' a Space := — (by what was (hewn 

at Preb. I.) Therefore thefe Spaces are to one 

. A'xp A" . . pi 

another as -^'^ : ^, that is, as^ g; , or as 

Dxp : a '. And confcquently tlie Force of Gra- 
vity, aad the Ccatripetal Force, making the 
Body 
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Body to defcribe thcfe Spaces in the fame 
Time, are one to another In the feme Ration 
Q,E.I. . 

■ But be'catffe *the Terms p and a are infinite- 
ly fmall, therefote to exprdfs this Proportion 
in finite. Qpantities, we may proceed thuj. 
Let it be r'/: T : : pik j then k is the Spadic 
defcrib'd by th6 defcending Body in the Tihic 
T. But (from the Uniform Motion in the Cir- 
cle) t^iT:: a^ : A% therefore (by Equality) a": 
A' ; : p ': k^ and 4 ':/>:: A' ; ky and confequcntly 
inftead of the Terms p and a % putting in k and 
A% which are proportional to them, the 
Proportion will be as pxk : A*. So that wc 
have this Theorem^ The Force of Gravity is to 
the Centripetal Force (of a Body revolving uni- 
formly in a Circle) as the Re^angle under 
the Diameter of the Circle, and the Linp de- 
fcrib'd ty a defcending Bodif in any given 
,Time, to the Square of the Arch defcrib'd by 
the revolving Pody in the fame Time. (^ E. F. 



C O K, 
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When D'x*i±:A% then thofe two Forces are 

• A* 

cqu^l; that is, when *=?fr, cir the Space a 

Body ddfcribes by the Foirce of Gravity, is e- 
quial to. that it would be Urricd^hro^ by the 
Centripetal Force in the f^e Time. 

'Theor- 



C MO 

T H E p R. V. 

A Body revolving ia the Circttmfereme of a 
Circle, the Centripeui and Ceatrtftigal 
Forces Mre equd to one ofiothtr, 

FOR while the little Arch (Flc. V.J BD 
(Ex. ir.) is defcrib'd, the Centripetal 
Force has carried the Body towards the Cen- 
ter by theSpace CD. And if the Ceutripetal 
Force were away, the Body, inftead of defcri- 
bing the Arch BD, wou'd go oq in the Tan- 
gent, and defcribcin the fame Time the Lincoln 
BC(which h'j Lemma I, is=the little Arch BD.) 
In which Cafeit woa'd be carried pfF from the 
Curve of the Circle, by the piftaucc of thp 
fame LheoU CD \ and this is the Efied of thp | 
Centrifugal Force. Therefore the Centripeta! ■ 
and Centrifugal Forces producing an Effeft of ^ 
tVie fame Magnitude in the faraeTime, are%- 1 
qual to one another. Q. E. D. 

C o R. 1. 

All the Thearems relating to Centripetd . 
Forces, which were deduced in the CoroHar^ 1 
of Thter. IV. are applicable to Centrifijg^ 
Forces alfo. 



Cor. 
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c o K. ir. 

yifld, according to the Tenour of the lall 
PrekUmy the Cenirifugal Force {hall be to that 
of Gravity, as A": D'**; and confequently 
equal to it, when A'=^Dx*. But to explain 
here a little what I intend by the Centrifugal 
Force being equal to that of Gravity, let ns 
conceive a Body revolving in a Circle to be 
held by a Thread, produced out of the Center 
of the Circle it defcribes, lb that by the 
Means of this Thread it keeps always eiaftly in 
the Circumference of the Circle- 'Tis certain, 
that as the Body revolves with a greater or lefs 
Degree of Velocity, fo the Thread that holds 
it will be ftretch'd more or lefs violently. For 
the Endeavour to recede from the Center of Its 
Motion will be greater or lefs, as the Velocity 
with which it moves is either greaterorlefsi 
and that greater or lefs Endeavour of receding 
will produce a greater or lefs Teafioa of the 
Thread.' This ftretchingof the Thread by the 
Body,as itmoves in this manner circularly,i5 the 
Effeaof the Centrifugal Force, as that Tenfion 
of it by the mecr Weight of the Body, wliere 
it is freely fnfpended by the fime, without the 
Intervention of any fort of Motion or Impe- 
diment, is the compleat Effea of the Force of 
bra. 
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Gravity. And as the Degree* of Velocity 
(vricbwhidia Body may move circularly) art 
infinite, and confequeatly there may be as many 
Degrees of Tealtoa of tbe Thread that dp- | 
tains it in its Path in that Motion j fo whea ( 
fuch a Degree of Velocity ispitch'd upon, that 
the Tenfton of the Thread arifing from theoce^ 
is equal to that which is the Refult of thefres 
Su^ulionj we fay then, that the Centnfugid 
Force is equal to that of Gravity, becaafe they 
both produce the fame Effe^fts upon the Tbrea(Jj 
or whatever Proportion the Tenfioos bear ^ 
one another, we may fay, the Forces (the CauTeG 
of them) bear the fame. Now, to enquires 
little into this Matter. The revolving Bodf 
moving uniformLy in the Circle, we wiil ton" 
fider the Veloi-ity of that Motion, as fomeone 
or other of thofe Velocities, which would be 
acquir'd by it in a free perpendicular Defceni^ 
£x. £r. in the Diameter of the Circle Now^ i 
whatever Space the Body defcribes by, the Force 
of Gravity in its Defcent, if it afterwards ' 
moves equably with the grcateft Velocity got-, 
ten by that Defcent, it's a Known Thtortm, 
That the Space defcrib'd by the uniform MotJ* 
on (hall be double that defcrib'd by the uni4 
formly Accelerate, ia the fame Time. LO 
the Body theretbre in the Time T defcend thro* 
the Spaw k^ and if with the Velocity gotten by 
this 
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this Dercent it afterwards moves equably in the 

■ Circle, a ud- does in the feme TimeTdefcribc 

the Arch A ; then fhall A=2*. Now, let j(=mD 

■oniverfally, where m denotes either an Integer, 

A 

or a Fra&ioa. Then is A = 2,wD, and =r 

{"the Space the Centrifugal Force would carry 
the Body thro' iii the Time T)=:4 mm D.There- 
fore the Space 'defcribed by the Centrifugal 
Force, is to that'dcfaibed by the Gravity in 
■^herajnc TimeT, as4mmD: wi D, that is., as 
■4.JM: I, and confequently thefe Forces are in the ■ 
izmtRittio. Hence in particular Cafes the Pro- 
portion of tlie Forces is eafily known. Ex.gr, 
\im=:l, then- 4 w=i, and fo the Centrifugal 
Force in that Cafe is equal to the Gravity. If 
te=;, then 4 ra=2, and fo the Pr-oportion of 
the Forces is as 2. i. If /»=J, then the Pro* 
portion is as 3. i. If /»=!, then 'tis as 4. i. 
and in likemannerforany other fort of Suppo-. 
fition. The Senfeof all which nray be eix- 
■prefs'd in this T/'eo/'tfm, That if a Body revolves 
VH 3 Circle, with a Velocity tqual to that ac- 
quir*d by a Defcent thro* a Space, that is to the 
Diameterof the Circle, as »« to Unity; that 
then the Centrifugal Force fhall be to that of 
I Gravity, aS4w to Unity. 

i, S'CHOL. 
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S C H O L. L^ 

iviQg hinted 3 certain Michanick Thtgrem 
before conceraiog the Proportioa of the Spaces 
defcrib'd by an equable and an uniformly acce- 
lerated Motion, in the fape Time, 1 think it 
not improper to fubjoin a fhort liluftration of it. 
Let the Quantity^ exprefs Time, y Velocity, 
the greateft Time </, the greatcfl: Velocity i ; 
the Two former Quantities being flowing 
ones, and the latter ftanding. From the Na- 
ture 6f the uniformly acclerate' Motion, the 
Velocitiesare proportional to the Times.There- 

fore x: y:: d : b, and x=^^~. and i = —^ 
■' b b 

Alfo in all Motions whatfoever, the Spaces de- 
fcribed are as the Reftangles under the Veloci- 
ties and the Times. Therefore ihe Fluxion 
of the Space for the accelerate Motion, is = 
yx , and that for the equable Motion n — h'x. 
But the Fluent of ix is=:i.v=W, and the Flu- 

eflt of y» (=:^) IS =-'^-7=—,=-. Therc- 
' ^ b ^ xb zb 2 

fore the Space defcrib'd by the equable Motion 

in the Time d with the ftanding Velocity b, is 

double the Space deftrib'd^y the unitbrmly 

Accelerate, in the fame Timet/, with a tlowiog 

Velocity, the greateft of wliich is equal to^ 

(the Velocity of the viJiifi?riQ JVIpjiop.) .Aial 

From 
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from hence to determine the Proportion of the 
Spaces, dercrib'd by an equable Motion with 
the Velocity *, and ia the Time*/, £.v._^,aad 
an uniformly accelerated one in the Time W, 
where n denotes any whole or broken Num- 
ber. It is (from the Nature of uniformly acce- 
lerated Motion, in which the Spaces are as the 

Squares of the Times) d^ -. n'd' : : — : — ^r 
^ — -= the Space defcrib'd by the accelerate 

MotionintbeTime»£/; the Space defcribd by 

- . bd 

_' ' it in the Time <i being =—, by what was fhewn 

before. So that the Proportion required ia 

- , , ntibd , - c «« <■ 

thatof bd: , that IS, of i : - , orofi: m 

oniverfallyi which may beexemplified in par- 
ticular Cafes at Liberty. 

sd ffo L. tt. 

Now, to apply this to the former Com- 
parifon between the Centrifugal Forte and that 
of Gravity. Let the Arch A be defcribed by 
the Body revolving in a Circle with an uniform 
Motion, in the I'ltae d^ and the Line k de- 
Icribed by its Defcent with an uniformly acce- 
lerate Motion in the Time nd 5 according to 
'tiie latter part of the foregoi ng SehtHim. Then 
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is univcrfally A : i : : imn^ and A=— , froft 

fm 

A' 
whence — (the Space deforib*d by the Ccntri- 

fugal Force in the Time dj is =^* Suppofe 
(as before at Cor. II.) i=imd^ then-^, =^^^ — 

= i^!l- . and confequently the Proportion of 

the Spaces defcrib'd by the Centrifugal Force 
in the Time d^ and by the Gravity in the Time 

nd, is as " ^^z ■ : m D, that is as -— : i, or as 

4i» : »*. Of which more general Proportion, 
that at Cor. II. is but a particular Cafe, x^/z.. 
^hen the Times are equal, or when » is equal 
to Unity. 
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Lemma. 

Jf the Ri^ht Line JE (FIG.VL) and the 
Cttrye JC^ given in Pofitionj cut one anq- 
thef in the given Jngle Ay 4^ if the 
Right Lines DBy EC hordinatefy afpfy^d 
to the Line AE (in another given Angle) 
meeting the Curve in the Points in J5, C ; 
Then fuppojing the Points B, C, to come to 
the Points A^ the Curvilined Triangles 
ADBy AECyflfoll he at lafi in the duplicate 
Ratio of their Homologous Sides. 

FQK drawing the Tangent AFG 5 upon the 
Approach of the Points B, C, to A, the 
Ratio of the Tangents AG, AF, the Chords AC, 
A6, and the Arches AC, AB is a Ratio of E« 
quality (by Lemma I.) Therefore the Curvi- 

lineal Triangles ADB, AEC are at lalt coinci- 
dent 



\ 



dent with the Redilineal Triangles ADB, AEG*, 
bat thefe being fimilar (by ti\e Hypothefis) are 
in a duplicate Ratio of their Homologous Sides 
(by the Eltments j) therefore the Curviliaeai 
ones are fo too* 

Con. 

It is evident, that the Spaces which a Body 
(urged by any regular Force) defcribes, are ia 
the Beginning of the Motion as the Squares of the 
Times : For if the Times be eicprefs'd by 
the Lines AD, AE, and the Velocities in 
thofe Times by 3D, EC, then (from M^hs-. 
nkh) the Spaces ihall be as the Areas ADB, 
A£C 9 that is, in the Beginning of the Motion, 
as the Squares of the Times AD, AE 
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^ A Bodj revolves (F I G. VII.) about acer^ 

^ Sain Center S^ and defer ibes a Curve APQ^ 

; then ifZJPR touches the Curve in P, and 

from arrf other Points Qjke drawn QR fa^ 

rallel to SP, and J^ perpendicular to the 

fame j the Centripetal Force jh all be recipro^ 

^ sp^xm"^ 

callj as the folid — ^^^ — ; taking the Va^ 

lueofit^ not where the Points P and Qjire 
at any finite Difiance^ but at lafi when they 
come together. 

PUT C for Centripetal Force, and T for 
Time. Now, in the indefinitely fraall Fi- 
gure QRPT, the UneoU ^, being the genuine 
Effe£k of the Centripetd Force, will be in a gi- 
ven 
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TM Time proportional to the Force, (hy'tSt 
Second General Luxe of Motion.) But if the 
Force it fclf were given, the LineoU QR would 
be as the Square of the Time (by the forego- 
ing Lemma) for the Force which draws the 
Body towards the Center S is a regular one, 
and the Space here intended is tot a Finite., but 
a iV/i/cwf Quantity ; which are the Conditions 
that Lemma requires ; So that to exprefs it in 
the Ihortelt Terms j if T be given, tiien QR. 
is as C;: ; and if C be given, then QR, is as T' ; 
therefore neither T nor C being given, QR is ia 
the Ratio compounded of both, that is, QR is 

asC'<T", and confequently C is as ■—,. But 
the Time is as the -/^re« (by Tifor. 1.) that is, 
T is as i SP X QJ (= the Area ^?Q_) and t 

SP>'QTisasSP^QJ; fo that C is as , ^^^^.^ 

SpixQTl 

direaiy,that is as — ^^g^Rcciprocalljr.Q^D. 

Hence if any Curve be given, ajid within it 
a Point, to which (a^ a Center) the Centripetal 
Force is direSed \ we may find the Law of the 
Centripetal Force, which makes the Body to 
revolve in thePeriphery of that Ciir^e. In Ordcf 
to this^ we arc to compute the yaiiic of this 
M' 3 ■ '-'^-^ foli<i 



[ i6«] 

folid -Qr^ — ^1 accordingtotheNatureofth? 
Curve : Some Examples of which follow. 

Fig. S, 




P R O B. HI. 

• 'A Bodf revohing in the Circumference of a 
Circle^ ^tis requir'd to find the Law of tht 
Centripetal Force tending to a Given Point 
in the Circumference. 

LET P (.PIG. Vir.) be the Place of the 
Body in the Periphery SQP A, Q. the next 
Place into which it moves, and S the Center 
to which the Forces are diredted. Let PK be 
perpendicular from P to the Diameter SA, Q.T 
perpendicular from Q. to SP, LQR parallel to 
SP, RP a Tangent at P meeting QT, produced 
Jq Z. In the Firfl: place here, tlK Triangles 
2QR, ZTP, SPA are fimilar. That theTrir 
(jQgles ZQR, ZTP are fiffiilar is plgin, bccaal^ 
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QjlTs parallel to the Line SP by the Conftni^ 
&.ioa. Again, that the Triangles ZTP, SPA.* 
are fimjlar, is evident, for the Angle SPA is 
a Right one from the Nature of the Circle, 
and the Angle ZTP is a Right one by the Con- 
ftruftion ; alfo ZP being a Tangent, and SP a 
Chord, cutting the Circle at P, the Point of ■ 
Contad, the Angle ZPT is = Angle SAP 
(Handing upon the Arch SQP) from the £/?- 
menti. Therefore the Angle T2P= Angle PSA, 
and confequently the Triangles are fimilar. 
From whence 2Pl : ZT-^ :: SAl: SP<1, and 
Zpq : 2T^ : : RP<! : QJ^ (becaufe of the propor- 
tional Seftion of the Sides ZP and ZT by 
the Parallel QR ; ) therefore RB : aT'' : : 
SAi : SPq. But RP being a Tangent, and RQ,L 
a Secant, cutting it in R, and the Circle in 
Ci, therefore (from the Element/) RP'' =thc 
Reftangle QRxRL, therefore the Analogy Hands 
thusQR'<RL: QJiitSAi: SPlj from whence 

QR'*RL>'SP'i 

' SA1 



QJ1 



And becaufe when the 



Points Q.and P come together, the Line RL be- 
comes=SP, thcrefort putting SP for RL, ws 



have QTi: 






NowCbyri«r.VL)th8 



Centripetal Force is reciprocally as — ~^ 

■ aiid we have found the Vahie of QTi in thq 

■ proper Terms of the Curve, therefore mnlti- 
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Cpq cp« 

plying this Value of .QJ*i by — , wchavc r^q, 

which is JRcciprocally as the Centripetal Force 
in this C^tp j that is, becaufe SA, the Diarac-;, 
ter, is a given Quantity, the Centripetal Force.; 
teciprocally as SPS that is the Square-Cubo 
of th$ Diftance from the Center S. Q^E. h 

Fig. 9- 










• (.••', 



^ < 



^! 5* 



P R O B. IV. 



y^ Bp/^ rfvohiftg in the Cirele POA f Fig. ().) 
^tu require to fad th^ Law of the Centrife", 
td force ie»Mng to a Point S Jo far difUnt 
that dthe Lines ^ m P6', KS, S^q. dratvn 
to that Pointy mvj be efiem^ei at far ml. 

FROM the Gemcr C draw CA, cutting the 
Parallels PS, RS, at Right Angles^ joia 
tb« Pointy C, P, and produce ZT %q cut CP ia 

■ ■ ■ ■ ■ - ■ •• ^^ 
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L. ^Hcre ZP is a Tangent, as before, and thet 
Line ZTL at Right Angles to the Parallels PS 
and RS. Now, the Triangles ZRQ, ZPT,: 
Cl'M are lirailar. For ZT cutting the Paral- 
lels PS, RS at Right Angles, 'tis plain, thartfte 
Triangles ZRQ_, ZPT are limilar. Alfo, be- 
eaufe the Angle ZPC is a Right one, and the 
Line PT a Perpendicular from the Right An- 
gle to the Bafe ZL ; therefore the Triangle 
ZPT is lirailar to the Triangle PTL; and 
fincc the Triangle PTL is fimilar to PMC; 
therefore ZPT aod PMC are limilar. There ^ 
fore 2P1 ; ZTl : : CPl ; PMl ; bnt ZPl : ZT' : : 
RPl : QJ1 (from the proportional Sefiion of the 
Sides ZP and ZT by the Parallel RQ.0 there- 
fore RPq : QT'.: : CP'l : PAW, But (from the 
Nature of the Circle KP being a Tangent, and 
KQJ a Secant, cutting it iathe Point R, and 
the^CiiicleiaO) RPi-OR«QR; from whence 
. OR« oa" PM1 
CP'l 






CP'l 



But 



when the Points P ami CL meet together, OR 
becomes =ff=2PM; therefore putting zPiSf 



forOR, wel,avcaT„=i^''• 



, _ , sp'i«aT' .■ , . 

general Fotmiila — - „ ■ is equal - 



.; audio th^ 

2PM'kS!''» 
QR -.'^ "-!"■" -cPT"' 
Now, the Point S being at an ia5nite Diltance- 
SPis aftaudin^QLiaatity, and To is CPtlie^*. 
d'Hf } Sa that dividing by the ftanding Qiiajitity 



[ 4??, the Expreffion amounts to PM'. There- 

I fere theCcntripctal Force is reciprocally as tb« 
[ &bc of the Ordinate PM. Q, E. I. 

Fig. 10. 




P R o B. V. 

ji Bodf revolving i» the Logmthmick or 
Proportioiui Sftr^l, ^tis required to fad 
the Lutvof the Ceittripetal Force tendingta 
the Center of the Spiral. 

THE NatureofthisCurTe(F/ff.X.) isfach, 
that all the Angles,as SPQ, SQl^SLOf&e. 
(which the-Rays make with the Curve or Tan- - 
gents at thofc Points) are ftill of the fame 
Magnitude. From whence it follows, that ta- 
jungall theiadehnitely fmall Angles about the 
Center S continually equal, that is PSCt=Q5L= 
150, <^s. the Triangles PSCL, QSL, LSO, &e. 
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•reCodUr, and therefore PS: QSxQ§:SL:! 
SL ; SO, &c. ConTequeatly the Rays PS, QS, 
SL, &{■ are ia the continual Geonictrick Pro- 
portion. Therefore fince SP: SQ.::Sq^:SL» 
'tis alfo SP : SP— SQ.: : Sq^: SQt-SL, that is (de- 
icribiog the indefinitely little Arches Q^, Li, 
O (T, upon the Center S) we have SP : P>i : • 
fQ\ Qb or (which amounts to the lame, let- 
ting iall the Perpendiculars (XJ, LN, OM) 'tts 
^P: PT :: SQ,: QM. So that the /-.»«/* PT, 
and QN, are al ways as their refpedive Rays SP 
jKodQ^. Laltly, becaufe theindefioitelyrmall 
Triangles PQT, QLN, &c. are always fimilar 
(for the Angles at P and Q_are equal from the 
Nature of the Curve, and thofc at T and N are 
Right ones) therefore PT : QT;: QN ; LN, 
and fo PT and QIS are always proportional to 
QJ and LN. But before 'twas fhewn, that 
PI" and qN were always as their refpeftlve 
Rays SP and QS^ therefore alfo the LixeoU 
QJ and LN are ever as thofe Rays SP and Q3* 
\ thought this little Explication of the molt 
common Properties of the Curve, necefiary to 
beprcmis'd, tn order to tlwunderftaadiagoiir 
Great Author's Procefs in the Invention of the 
Law of the Centripetal Force. Now, let the 
indefinitely fraall Angle PSQ^be given or fup- 
pckTed always of the lame Bignefs ^ then iq 
t;fae Triangle SpR, fmce the Ajigle at S is al- 
ways the iame, aqd that at P alfo ever the fame 
(from 
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(from the Nature of the Curve) therefore tl* 
^Angle at R, via. SRP, is ever the fame. So 
in the Triangle SQJ, lince the Angle at T ii 
ever a Right one, the Angle SQJ (hall always bff 
the fame. From hence therefore in the indefi- 
nitely fmall Figure RQJP, the Angles at P, T 
. and Rareftanding, and Cnce the Angle SQ,T 
was fhewn to be fo, then RQT, theComple- 
meat of SQJ to Two Right Angles, Ihall be 
of a Handing Magnitude too. Therefore all 
the Angles of the Figure RQjP, arc of a Itand^ 
ing Magnitude, and coafcquently the Species 
of the Figure it felf is ftanding, or always gi- 
ven. Therefore the Hatio of the Sides QJ, 

QJ - <r ,■ 
QR, viz.. oQy '^ * ftandmg Qsanity, and i<> 

%: may be always as i. Confequentlyif ~ 
QR QK 

OT' 

be asi, then (multiplying both byQJ) ~ 
QR 
(hall be always as QT- But (as was fticwn be- 
fore) from the Nature of the Curve, QTisas 

QJn 
SP i therefbrealfo Q^fliall be as SP, therefore 

— ^ — (which is reciprocally as the Centri- 
petal Force) fliall be as SP'. Therefore the 
Centripetal Force in this Curve is Reciprocally 
as the Cube of the Diftance from the Center S- 
Q.E.I. 



Fig. 1 1 . 
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P R O B- VI. 

^ Bodjf revolving in an EUiffe^ ^tis required 
to find the Law of the Centripetal Force 

i of a Body tending to the Center of that £/- 
iiffe. 

LET CA, CiB, {PIG^ XI.) be the Semiaxes 
of the Ellipfe-, GP, DK conjugate Dia- 
meters i PF, Q:^ Perpendiculars to thofe Dia- 
nietcfrs •, Qv an ordinate Applicate to the Dia- 
meter GPj and compleat the ParaUelogram 
.Q.*/ RP : The Triangles Q,^ v^ PC^ are fimilar^ 
ior the Angles at t and F are Right ones by the 
Hyfothefis:, but Qy being parallel to *CF the 
Angle Q.t;r=FCP j therefore Q/i : Qj/^ : : PF^ : 

O'l/qXPFq 

PC% and Q;q = ■ ^^^ . But (from Conick 
Sta.') Qs>"l: P'pXvG::CD^:CP<ii therefore Pw 
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but Pv=;CiR, therefore 



this Value of QR. Therefore in the general Ex* 



H 



prcffion for the Centripetal Force, vix.. 



PC1aQ£1 



oa 



we (hall have (by fubftitutiiig the Values of 

Qrt and QR, but now found) this Value, vit. 

Qyl^eFl'iGxCDl PFq''CDl«i;G ,, " 

Qyl-PP -= PoT-- B«Cfronl 

Conicks) all Porallelograms circumfcrib'd about 

aa EUipfe are equal to one another ; therefore 

CDxPF=BCtCA, and CD'5xPFq=BOixCAS 

and fubftituting BC^ x CA^ in the Room of 

BCi«GA^t<5 
CDinpF^jthe ExpreCioncoraes to 



PCI 

Bat when the Points P and Q. come together, 

then vG is=iPC,fo that then the Expreffion 

^. . BCixCAixzPC „ 
amounts to this, vm. ^p- . Bat 

iBG^^CAi is a ftanding Qjiantity, therefore 

PC 1 

the ExpreffioQ comes to p^s *'''vc ' ^° ^^^^ 

the Centripetal Force is reciprocally, as =^ 

i. I. diredly as PC, the Diltaacefrom the Ceai- 
ter. Q.E.I. 
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Cor. I. 

Hence It follows, that the Centripetal ForcV 
is greatefl: at the greateft Diftancc from th« 
Center. 'Tis greater (£-v-^0 in the Extrb- 
jnity of the longer Axc,than in any other point 
in the Curve of the Ellipfe, between that nui 
the Extremity of the fliorter Axe. 

Cor. II. 

At equal Diftances fi-oni cither of the princi- 
pal Vertices, the Centripetal Forces arc equal. 
For the Diameters or DiUiances from the Cen- 
ter (from the Nature of tiie ESiffe) are lb io 
this Cafe* 

f^'- ^■'^i^'- Cor. III. 

Any Two equal Diameters being taken thas, 
one of one Side the principal Vertex, and the 
other of the other Side ; the Conjugates of thefe 
equal Diameters being equal alfo, it's evident, 
that the Sum of the Centripetal Forces in the 
Extremities of one of thefe Diameters, and 
its Conjugate, (hall be equal to the Sum of the 
Forces in the Extremitiesof the other Diame- 
ter, and its Conjugate. £x.£r. Let A beany 
Diameter, a its Conjugate ; B a Diameter ta- 
ken on theothcr Side at an equal Diftance from 
the principal Vertex, and confequently equal 
to 
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to A i and ^its Conjugate, which is therefore 
equal to ^ • Let F = the Centripetal Force in 
A, /= Force in 4, ^ =Force in B, and T=Force 
Ip *. Now I fay, that becaufe AH-4=:BH-^, 
therefore FH-/irH^- For (by the Law of the 
Centripetal Force found in the laft Problem.) 
'Tis F :/: : A : if, and > : -r : : B : ^, from Whence 
fince A-+-4=iB-t^ alfo F-+/ Ihall = r\^y that 
is, the Sums of the Centripetal Forclw in the 
Extremities of each Pair of thefe Conjugate Dia- 
meters (hall be equal. 

Co R. IV. 

Therefore alfo F— ^, or ^— F i$=9r— ^ or f—ir j 
that is, the Difference of the Forces in the Ex- 
tremities of the Diameters A and B, is equal to 
the Difference of the Forces in the Eirtremitiei 
of their Conjugates d and b. 



Fig. 12. 




COR« 



C 177 3 

O R. V. 

la Ellipfes that have the longer Axe common, 
^raiwing any Diameter, as AC (FIG. XH- ) cut- 
ting the CiiWes in C and J j the Centripetal 
FoVce in d ffiall be to the Centripetal Force In 
C, as Aii : AC. Let the Force inB be f)ut:=P, 
Force in 4:^fyJ,QYCC in-C^f.. * Then. thc.Eatfo 
of the Force in d to the Force in C is com- 
•pounded of the Kationesoi the Force lad to 
that in g.,iaAd/>f the Force.in Bto that in C. 

f f 1c f Ad . F- 

That is, '^^ f X {-: But ^- = — , and - = 

— - (from the Law of the Centripetal Force 

w each Elllpfe) therefore — -ttj x T7>-ir?^ 

p AB AC AC; 

fo that/: (?:; Ad: AC. In Two Ellipfes there- 
fore that have the fame Tranfverfe Axerthe 
Centripetal Force (which tends to their com- 
mon Center) is greateft in the exterior Elfipfe. 
And in the Extrertiities of the fhorter. Axes, 
viz. in the Points L, O, the Centripetal Forces 
will be as thofe Axes^ viz. as AL : AQ.; or 
.(which is' all one) drawirig any Ordinate,^ as 
E^N cutting the Ellipfes in E and dy the 
cForces -in the Two EHif^fes wjli.be i|$ ^N*; 
EN ; for *tis AL : A0,:.fv4J^:;'j^Ni.{i<liaafie 
Nature of the EUipfe. 

N , CoR. 
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Go R. VI. 

Suppofing all as.ia the laft CorpUary (mth its 
%.)fcom the Point G in the exterior EDipfe, 
draw the Ordinate CP. Then fh^ the Rati9 of 
the Forces in the Points O and L^ be to the 
RatiQ of the F(^ces in the Points C and ^ as 

\/SSkNB : \/gPxPB. For the RsiH$ of the 

AO EN 

Forces in the Points O aad L is = irr^-r^^ 

AL aN' 

by what was ibewn at the latter End of the 

preceding CaroUary. Alfo the Ratio of the Forces 

AC 
in C and ^ is = —^ , by what was (hewn m 

"tli'e former Part of the foregoing CoroBary. But 
becaufcisiN land CP are perpendicular to GB (by 

the Byf^phefis) therefore from the fimilar Tri- 
^angles ACP, A^N, we have 'T2=^j^j from 

^. . . •■■. CP 

'whence-^ is ~ the ^4r/<? of the Forces in the 

.Poiiits C and^/. Therefore 'the Ratio of tbis 
ForcesJn the Points O and L, is to tbe Ratio of 

- / EN CP 

the Forces iat.be Points Cand^ as tt*: -^^ 

EN CP - 

;B»t 55J v^ V EN : CP, and EN?»:: CP^t: 

•fiNMNB ; GBP^PB (fix)m the Nature of the £/. 
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lif fe-^ con fequeutly ENt CP i: ^/ciN^NB: 
yoFTpB, from whence the AfTcrtioa is 
clean 

5 C H O L 

The Crtat Aithor has briefly fhewn how this 
^tter may be carried from the Ellipfe to the 
Hyperbola and Parabola,and how the^Law of the 
Forces with Refped to thofc Curves may be alio 
difcover^d. And here by his neat Application of 
it to the Parabola, he brings out a celebrated 
fheorem of GaliUus. But becaufe the young 
ticginners in thefe Things may poffibly defire 
a more particular Explication of it, upon their 
Account I (haU make the Application to thefe 
X.wo Curves diliindly. 
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Fig.i^ 




P R O B. VII. 

If a Bod) moves in the Curve of an Hjfer^ 
boUy '^tis \equir^d to fnd the Law of the 
Force tending to the Center of the Hjferbola. 

'rini S evident here in the Firft place, that the 
JL Force tending to the Center, is molt 
properly a Centrifugal Force, for the Body 
ftill goes farther and farther from that Point to 
which the Forcesare direded. Let (JIG. XIIL) 
C be the Center of the Hyperbola, CPr a Dia- 
meter, CD its Conjugate, RP a Tangent at P, 
Qy an Ordinate to CP, Q/ and PF Perpendicu- 
lars to the Diameters CP and CD refpedtively, 
and RQLparallel to 2 v. In a Word, as all the 
Lines drawn here are Analogous to thofe in the 

Scheme for the correfpondent Cafe ia the EI- 

lipfe y 
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lipfc ; fo from the Nature of thefe Carves will 
all the Reafonings here proceed after the fame 
Maimer as there. For here the Triangles PCF 
and Qvt arefimilar, becaufe the Angles at F 
and f arc Right Ones by the Hypothefis, and ' 
the Angle Qy r=:PCF, becaufe Qv is parallel to 

the Conjugate DC. From hence Q/q= ^p^^ ^ 
as before. Alfo (from Conicks^) Qy'i: Gvx?v ;: 

Ov^ X CPq 
CDq : CPS therefore Ft; ^ ^^ ^ ^^^= QR> 

From whence by Subftitution of thefe Values 
of Qf^ ^ttd Q^ i^ ^^^ general Expreffion, viz., 

QtqxPCq . PF^i^CD^x-z/G , 
Q^^ y It comes to ; :^ — , altoge- 

ther as in the EUipfe. Then fubftituting 
BCq X CA^ for Ppq X CD^ (becaufe BC x c A = 
CDxPF, from Conkh) and 2 PC for t/G, (when 
the PoiAts P and Q. come together p Lalbly^ 
Dividing by the ftanding Quantity iBC^xCA^ 

;^c E^prcffioa comes to ^^. Therefore the 
Force, with refpedt to the Point C, is recipro- 
cally as — , that 13, ditedly as PC, the Di- 
ftancc from the Center. Q. E. I. 
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P R O B. VIII. 

Jf $ Body V9oyes in a Curve of a ParakoU^ 
^tis required to find the Lop of the Centri-* 
fetal Force tending to 4 Foint infinite^ 
diftant. 

LET AB (FIG. Xiy.) be the Axe of the 
Parabola, RP a Tangent at P meeting the 
Axe inC, PM an Ordinate to the Axe, QS 
and PC lines tending to ,the infinitely di* 
fiant Center, and therefore parallel, and ,con- 
feguently Diameters of the Parabola j Qyzn 

Or- 



Ordinate to PS, Q; perpendicular to PS j 
Laftly, Let QS be produced to meet the Tan- 
gent in R. Now, becaufe of the fimilar Tri- 
angles PCM, Q.t/r, 'tis PC : PM:: Q.-I/: Qf, 

. r ^ PMqxQ.T^ , „ 

and fo 0.(1= — p-n — • Let the Parameter 
belonging to the Vertex P be put =R, aad the 
Parameter of the Axe-r, the Abfcifs AM=* 
Then, from the Nature of the Parabola, we 
have thefe following Equalities ; viz.. C^jA — 
Rxpv,PM'i=?-A:,Crvli-4^",PC"i=)-AH-4Ar* (be- 
caufe of the Reaangular Triangle PCM) R= 
r-l-4Jr (that is, the Parameter of the Vertex 
p is =: th< Parameter of the Axe -i- Quadruple 
the Abfcifs AM;) Thefe Things are plain from 
the Conici Elements. Now fubltituting thefe 
Values in the Expreffion of Q.t% wc find 
rx^<QjA_ rA--<pT'XR _ r^xP^^xFF^- _ 



0.(1 = 



rx-^^x rx-\-i\xx rx-{-t^x 



V 



^'""•'•'^■ ^• = P»'<r (dilidiJlg byr;<^|-4;.,) 

fo that 0.ri=P^'«r. Therefore the general Ex-p 

preflion of the Centripetal Force, vi^L. — - ^^ » 

PCixPf'^r ..,.,. ^ „„ 
comes to -rr^ — , which is (becaufe Q^ — 

pv from Parallcls)=PCixr. ^tit >-, the -Para- 
meter of the Axe, is a Handing Qjiaotity, and 
becaufe PC is iafinite, therefore PCi is ever a 
ftanding Quantity, and confequently the whole 
Expreffion is a ftanding Quantity, and therc- 
N 4 fore 
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forq the Centripetal Force (vyhich is recipro* 
cally as .PCq><0 is in this Cafe equable. And 
this is GaliUHs'% Theown, Q; E L 
* Before we proceed to confider the Law of 
the Centripetal Force, when it t?nds to the Foci' 
of the C$mck SeSHonSy, 'tis proper to fubjoin 
thofe; other Propofitions that relate.to, and de-^ 
petidjlpon this prcfent Law, in which the Force 
tends ^0 the Center. 

Fig. IS- 




Lemma. 

JnyTwoEBiffes.asFIB.GOD, rFIG.XV.) 
having a, cammdH Center A^ and the Tranf- 
verfe Axes FB, GDj lying in tfje fame 
Right Line ; the Centripetal Forces (tend- 
ing to the common Center A) jhallbe in the 
Points F and G, as the Dijiances of thofe 
Points from the Center ^ viz. as FA : GJ, 
that iSy of the Semitranfuerfe Axes. 

FOR upon the fame Tranfverfe FBpf the 
outward Ellipfe, one may flill defcribe 

another CUipfej as FH^ whofe Semi-conjugate 

AH 



AH Qiallbcequalto AG, the Semitrai)fvcrfeof 
the inward Eilipfe. Now in the Ellipfe FH» 
the Force in F is to that in H, as E A : HA (by 
what Ms been (hewn.) Alfo the Points H aud 
Gbeing equally diftantfrom the Center A, the 
Forces in H and G are equal ; therefore the 
Force Id Fin the Ellipfe FH, is to the Force la 
G in the Ellipfe GO, as FG: AG (which is 
=:AH:) But the Forte in F in the Ellipfe FtJ, 
is;,<qiial to the Force in F in the Ellipfe FI, fince 
the Point F is common to them both. Thcre- 
fcre the Force in f in the Ellipfe F I, is to the 
Force in Q ia tlje Eliipfe GO, as FG ; AG, 

T-.^« P «-r VII. 

Ift all Jimilar ESipp}, the Times of th Verio- 
dick Revolutions (perform'd about the fame 
Center) are e^ual, 

LET the Ellipfes FIB, GOD, (F/G. KV. 
forcgoinc) be conccivd to be fimilar ; 
then drawing any Diameter as AG, cutting 
the ihteriov Eilipfe in E, it might ealilybede- 
monll:rated (from the fuppofed Similarity of 
thcBWj) that AD: AE:: AB: AC, or that 
AO: AE: :AI: AC; and fo that any other cor- 
refpondent Diameters are ftiti in the Proporti- 
tioa of the Axes. Now (the Centripetal Forces 
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in both ElKpfes tending to the common Center 

A) the Force in B (hall be to that in D, as AB : 

AD (by the foregoing Lemma .-) Therefore alfo 

the Force in C fhall be to that in E, as AC : AE, 

that is, as AB: ADj and fo drawing any o- 

' thcr Diameter, the Centripetal Forces in the 

[Two Ellipfes Ihall ftitl be in the fame conftant 

f Zatio of the Semiaxes. Bnt if Two Circles 

', were dcfcrib'd upon the Center A with the 

Jtadii AB, AD, the Pcriodick Times in thofe 

Circles wou'd be equal \ for the Times are 

■ eqtial(as was /hewn in the CorolUries of Tfceor.lV.) 

when the Centripetal Forces are direftly as the 

Rays, as here they are. And therefore fince 

the Forces are in the fame Ratio of thefe Radii 

ABand AD, every where inthe Two Ellipfes, 

the Periodick Times in them iluU alfo be e- 

qual. Q. E. D. 

S C H O L. 



In the Demonftration foregoing, 'twas afr 
ferted, that the Centripetal Force in C is to 
that inE, asACtoAE-, which is thus Ihcwn. 
The Force in C is to the Force in B, as AC : AB, 
and the Force in E to that in D, as AE : AD 
(from the general Law difcover'd atProK VI.) 
But, from the Similarity of the fif «rw, 'tis AC : 
AB ;: AE : AD, therefore Force in C to Force 
in B, as Force in E to Force in D i and alter- 
nately. Force in C to Force in E, as Force in 
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B to Force in D ^ bat the Force in B and D are 
(by the foregoing Lemma) as AB: AD •, that is^ 
3S AC, AE, therefore the Forces in C and E ar? 
alfo in the fame RatU of AC : AE. 

L E M M A I* 

futting the Parameter cf the longer Axe of 
the Elli^fe = L (F I G, . of Prob. VI.) 

tbmibaaLz:^^qp^,(t4i^gthisj^^^ 

tity fvkfre the Points f and ^ com t^ 

gether^ 



F 



QrqxpCq 
O R it was found at that J^r^ifc. that ^ ■' ■ 

QR 

was -- — pp- — • Bnt (from CamchJ. the 



^ a 



ReSangle under the Parameter and the Seini 
tranfverfc, is equal to tvf ice the Square of tb? 
Jeini-(;Qnjogate, that is, L^^CA = 2BC^, from 

whence BC*i=rY"»^°"^ -pG"= pQ ; 

Q^qxpc i -pherefere (by Reduaion) L = 
QR ^ ' • 

9f^^' nvr> 



]^BMM4# 
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Lemma II. 



' • k a 



Suffofing dU asm the foregoing Lemma, (for 
the Centripetal Force tending to the Center 
of the EUif^) Ifsjfy that the Area defcrib^d 
in, a given Particle of Time^ ffjall be «- 

frefs^d by this Jlanding Quantity L^xCA*^ 

JPoR by the precoding Lemma^ ^"^QRxCA** 

thctefope Q;<ixPC^LxQRxCA'. But in a gU 
ven Time, the Lwepla QR is as the generating 
Ccntppetal Force (by the Sccx>nd General Law of 
'•Motion) that is (in this Cafe) as PC, the Di- 
ftance from the Center. Thcrcfpre lince QR is 
•as PC, then Q;q x PO Ihall be as LxPCxCA% 
and (dividing by PC) Qt^ ^ ?6i ihall be as 

LxCA% and Q;XPC as L* x CAt Bpt Q/XPC 
js as t)ie jirea defrib'd in a giveij Time. There- 
fore this jirea is as the Qpantity L^x CA*. 
Q:E.D. 

C O R./ 

Potting L,/,the Parameters, and 2D,2^/, the 
Conjugate or fhorter Axes of Two Ellipfes that 
have the fame common Tranfverfc 2CA 5 then 
the j4rea*s dcfcrib'd in thcfe Ellipfes in a given 
Time will be as the Conjuga^tes. For the 

jina'^ 
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j4rta's will be as L*«CAj :.^xCAi, that is 
(dividing by CA) asL'XCA»: /iXcAi, that 
is, as 2 D: 2 (^i for (from Conkh) LXCA=: 
and2D',/xCA=2/. 

T H E O I^ VIII. 

TheTimesof the Periodick Revolutions (pe^^ 
forrt^d about the fame Center) An eqaai i»~ 
all Ellipfis that have the fame Traafver^^ 
Axe. 

LET A be the Area of one Ellipfe, T the 
Periodick Time, DthelhorterAxc, Na 
Particle of t\icArea defciib'd in a given Time, 
Let «bethe^rMof another Ellipfe, t the Pe- 
riodick Time, i^thefhortcr Axe, » a Particle 
of the ArtA defcrib'd in the fame given Time ; 
and let B be the common Tranfveife Axe in 
both thefe Ellipfes. Now, the Areas of Two 
Ellipfes are in the Ratio compounded of the 
Periodick Times, and the Particles of tiha 
Area^i defcrib'd together in a given Time. For 
the Periodick Time being the compleat Nhtti- 
her of thofe Particles of the Area^ that altoge- 
ther compofe the whole Area of the Figurej 
hence if thofe Particles arc equal, the Ari^t^ 
would be as the Periodick Times, or if the 
Times were equal, the Area's would be as thofe 
Particles defcrib'd in a given Time ■, and there- 
fore. 




i 
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• ■ . * 

T ft E .0 k. X. 



. t 



> - . ^ 



Jfa Body fff valves in an EBtpfe^ And the CeHi^r^^ 
fetal Force tends to the Cektet'ofthefike- 
the Velocity in any Point ^'> (F I G/'i^! 
Prob. X Jhdbe exfrefs'^d hy this j^n- 

tity pg ? ^^ (whtch u au ine) tt 

flfoH be in the SubduplicMte KitiO\of the 

i^antity j—^i Recifrocdy(the Line P^^ 

being perpendicular from P, to the Diame- 
ter CF^ which ts a Canjugate to PC.) 

FO R the Velocity in a given Time fhall be 
cxprefs'd by the little Arch PQ. defcrib'd 
in that Time i that is (fincethelittle Arch and 
its Tangent are at laft coincident) by the Tan- 
gent PC, or becaufe of the Parallelogram 
QRPi/) by the Lweola Qv. But the Triangles 
Qy r, PCF being fimilar, the Leneola Qv = 

?^^; alfo PCXQ; is as the uirea defcrib'd 
PF 

in a given 'Time. But (by Lemma II) the 

jlrea dcfcrib'd in a given Time is exprefs'd by 

UXCA*, therefore Qv is as ^ ^^ ; that 

PF 

is. 
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is, the Velocity is ia the fubduplicate Satio 

Pfq 

of — Reciprocally. Q. E. D. 

That tiie Corollaries may be more eafily ap- 
prehended, I Ihall preniife fome preparatory 
Interpretations of thi-i general Exprellioa of 
the Velocity. In order to which, let i D. z.d 
be the Ihortei- Axes, L. /.the Parameters (of the 
longer Axes of any Two EUiples) P. p. the 
Perpendiculars from the Centers to the Tan- 
gents ■, or, which is all one, the Lines PF, mcn- 
'tion'd juftnow: The general Exprellion now^ 

f »«.. — rp — , in thefe more compendious 

Terms comes to — ^ — ,or ,for one and the 

P ' P ' 
other Ellipfe. And to determine this to particu-. 
lar Points of the Curve (fA-.^r.) in the Extremi- 
ties of the longer and (horter Axes,we need only, 
confider, that in thofe Extremities the Per- 
pendiculars P. p. are coincident with the half 
longer and (horter Axesthenifelves. Therefore, 

1. In the Extremity of the fliorter Axe;^ 
the Expreffion comes to \/ikB. For in this! 

Cafe P is=D= to half the fhorter Axe-\/l:^. 

-I^i5., as is plain from the Nature of the' 
O El- 
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EUipfe. Therefore —^ (= —5-) ^^ = 

v!!44^=v'2«B. 

2. Iq the Extremity of the longer Axe, the 
Exprelfion comes to L*><B*. For here in thi$ 
Cafe, P is = B = to half the longer Axe. 

3. For a Circle whofe Radim is =: i the 
fliorter Axe (putting R the RaMm) the Expr^- 
fipn of the Velocity comes to \/2^R in the 

Terms of the Circle ; and to L4 xB^ in the 
Terms of the Eliipfe. The former part is 
clear : For in the Qrcle L is = 2 R, B = R^ 



A _x 



and P=R, therefore > ■ is z= y/ixK. The 
latter part appeals, in that R is = D by the^fi^^ 

fothefis^ that is, R = — —\ and fo Rx ^^2 =: 

L*>cB^ m the Terin|; of the Eliipfe. 

4. For a Circle whofe Radiush 5 the longer 
Axe, the Expreflionof the Velocity comes* (as 
before) to \/2>fcR in the Terms of the Circlt 5; 
aad to l/2XBin the Tejrins of the Hlipfc- For 
in this Cafe R is =B, and fo \/i^K is =^2xB. 
Kow from hence the following Onr^ariu will 
appear to be very clean 

C o &.. 
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Cor. r 



t 



In fimilar Ellipfes, and in Points (Iniilariy 
pofited to the principal Vertexes, the Veloci- 
jties aie every where ijifonie &9ndiag Rittio oi 
ihebnger or ftorter Axes, orthe Parameteis. 

Cor. II. 

" In EUipfe? that have the fame Tranfreife 
Axe, the Velocities are as the fquare Roots of 
the Parameters direftly, and the Peipendicu- 
lars from' the common Center to the Tangents 

inverlly. For the ExpreJIIons are — -^ , and 

i therefore if B—h. the Velocities in any 

P 

Two fuch EUipfes areas— ; — 

C o a. III. 

The TranfTcrfe Axe being common, the Vt* ] 
locitics in the Two EUipfes in the Extreraify ] 
of the Tranfverfe Axe, are as the (horter Axes ( 
dircftly. tor in tliis Cafe B is = i, and thft 4 
Perpeadiciilars P. p. do both coincide with B pr I 
t-, theretore the Velocities are as L* : r- Biit-j 
becaufeB=^, therefore L* ■.(*::L*«B^:Ai*, 
O 1 which 
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which Exppreffions are as the fhorter Axes> 
therefore, eJ-f. ' 



I • 



^ • Co R. IV. 






Suppofing ^ft ^ before, the Velocities in thfe 
Extremitics-of the flibrter Axes art cqiwl : Fot 
P and p are her.e;f coincident^ with D and dy 
alfo, by the Hypohefii^ B fs = t, therefore the 
JExjjrfffions of Jhe. -Velocities in t|ie TwoEl- 



-'tt - •: , /» 



ri|)(fe's' amount to'—, and-^j that is (putting 



». J I 



in the Values of D and^) to ^^ — 7 » and 

■Uif^t^^i ■ ■' ■ ■••■ 

-^^ — 7i^~> which are equal, becaufe B=Jf. 

« • ■■ * * 

C ,0 R. V. 

# 

In one and the -fame EUipfe, the Veloci- 
ties are Reciprocally as the Perpendiculars 
from the Centier^ to the Tangents at any 
^^pints where the Body is fupppfe^ tf> be- 

J^or the Expreffion — ;-- (the Numerator bc- 
ing a Handing Quantity, and confequently 
made equal to Unity) comes to-. So that the 



. '"• t« 



Velocity in the Extremity of the fhorter Axe 
is to the Velocity in theExtremity bf the longer 
Axe, as the longer Axe is to the fhorter. 

COK. 
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Cor. VL 



The Velocity in the Extremity of the fhort' 
er Axe, is to the Velocity iu a Circle at the 
&mc Diftance, as the longer Axe is to the 
fhortcr. For (by the firit Preliminary fore- 
going) the Exprcflloa of the Velocity for the 
Extremity of the fliorter Axe is \/2xB; and 
(hj Prelim. III.) that for a Circle whofe/Ja^fw 
is = ; the Ihorter Axe, is v'lxB- But y/i'^B c 

yL^B: :B: V' — ' i which Proportion 'is manit 

feft, and the Two latter Terms are the half 
longer and ihorter Axes, Therefore, 0-c. 

Cor. VII. 

The Velocity in the Extremities of the longer 
Axe, is to the Velocity in a Circle at the 
fame Diftance, as the fnorter Axe' is to the 
longer. For (by the id Prelhn ) the ExprelTioa 
for the Extremity of the longer Axe is Vl«b^ 
and (by Prelim. IV.) that for a Circle w hofe Ra- 
^n«is=: half the longer Axe, comes to yixB, 
the former of which Expreflions is evident- 
ly to the latter, as the Ihorter Axe to the 
longer. 



■.\- Oini. ^k^ii^iir i ^oai 



/" 
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c o R, vm. 

CdtnpaiiQg the Accounts of the Two laft 
C^ollMriis^ it will befouild^ tliat the ExpreffioM 
of the Velocities in the EHipfc at, the Extremity 
of the (hortci* Ate/ aM iii a Clrdc whofe Ra- 
dim is :^ half the longer Axe^ ait the fatne^ 
and lifcewife of the Velocity id Che EWpfc at 
the Extremity of the longer Axe, and that id 
a Cifcle whofe Radius is i: haif the Ihondr 
Axe, are the fame, viz.. for the Two former 
\/ixBy and for the Tvi^olatter y/tih yto th^ 
the Velocities i^n^ thefe^^rcles^ and theft Fojtnf^ 
of the Ellipfeare equal. •< 

Co R. IX-' 

Two£Uip&> tiavinga commod&fttittv^ bnd 
their longer A:|(est lying in th<; fono* Right 
Linej if they are fo proportiotf'tl tOsOack o^ 
ther^.that the Parameters of thit longer. Axefi 
be reciprocally as thofe Axesi^xhea <cl9* Ve}^ 
cities in the EKtremijiiy of the (hocteir A^c 
fliall be in each EUipfe, as the.lqn6$jr!A9Cfls.dlK 
redly. It mulfc be ohferv'd Jiere, itet tbeit 
Eliipfes thus proportion -d to oqf iido^fr ^£^11 
have the Ihorter Axe common to themJNHhi 
For, by the Suppofition, 'tis L :/::&: B, frona 

whence Lxp=J/x*, and ft y/l^-jil^, or 

D-d. 



I 

I 
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D—d. Now the ExprcBionsof the Velocities 
in the Extremity of the Ihorter Axe, for each 

EUipfc are -5— » and —j-, that is (putting 

in the Value of D and<0 V^i'^B, and y/i^b, 
which are as B and b. Therefore, &c. 



Suppofingall as in the laft CoroStoy, the Ve- 
locities in the Extremities of the longer Axes 
are equal to one another : For in this Cafe the 



Expreflions amount to - 



, and- 



,that 



is, to U'^B', and Uh's or'\/L>'Band 0X*; 
but ihefe Expreffious ar^ equal, becaufc LxB 1 
is = /X^, as was Ihewn in the laft CordUry^ 1 
Therefore, &c. 

COR. XI. 

Comparing CorolU. the 3d and 4th with CoraUs^ 
the pth and loth, wemay obfcrve a Parallel J 
not unworthy Conlideration. For (by Cor. HI.) 1 
the longer Axe being coinmon, tiie Veloci-* 
ties in the Extremities of the longer Axe are as J 
the [hotter Axes diredly \ and (by Cor. IX.) the 4 
Ihorter Axe being common, the Velocities iu J 
the Extremity of the fliorter Axe are as th? 
longer Axes dirwSly. Again, (by Cor. IV.) fupr 
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poliiig what was fuppofed in Qr^lll. the Ve- 
locities in the Extremities of tiq fliortcr Axc§ 
are equal j and (by Cor. X.) fqppofing what 
was fuppofed in CorAX^ the Velocities ir\ the 
Extremities of the longer Axes are alfq equal 
to one another. 

Cor. XIT. 

If Two Ellipfes be fo proportion'd to one 
another, that the fhorter Axe of the one be 
equal to the longer Axe of the other, then the 
Velocity in the Extremity of the longer Axe 

^of the one EUipfe Ihall be equal to the Ve- 
locity in the Extregiity of the fhorter Axe of 

, the ocher. ' For the ExprefGon of the Vdocity 
in the Extremity of the longer Aic of One 

Ellipfeis — — --.L^xfil- and that for the Ve- 
locity in the Extremity of the fhorter Axe 

of the other, is 1^ -^^^7^' = V^^x^. 

Now,ifLxB=2^^,ori/LKB:;::\/zx^,or \/^ 

(the Semi- conjugate of the one) be = i^. Cthc 
Semi-tranfverfe of the otlier) then 'tisplbln, 
thatthefc Expreffions of the Velbcities aft e- 
qual. Or we may fay it will' be fo, if it be 
L : 2 ^ : : ' : ij J if the Parinietet of o^c Ellipfe 
be to the Tranfverfe of the dther, as the 

Semi- 



^^Semi-tranfverfe of that other to the Semi- 
I tranftferfe of the firft. 

r If the 



XIII. 



If the Center of the Ellipfe C be imagmM 
to remove to an iofinite Diftancc, and fo the 
EIHpfe to change into a Parabola, a Body ftiall 
move in the fame with aa equable Velocity. 
For in this Cafe all the Qtiantities that enter 

the general ExprelTIon, viz. — - — , areftand- 
ing ones, the Quantities B and P being both 
infinite, and L being the Parameter of the 
Axe. Aadherc alio (f>7itiatijmitt.vMiij) one may 
apply what has been iaid in the Corollaries fore- 
going of the true Ellipfe to the Parabola, or 
Ellipfe whofe Center is at an infinite Di- 
ftance. 

Cor. XIV. 

And if this Parabola (by changing the In- 
clination of the Plane cutting the Cone) dfr* 
generates into an Hyperbola, the Body fliall 
move in the fame with a-Velocity, which Ihall 
be reciprocally as the Perpendicular from the 
Center to the Tangent, as was Ihewn for the 
f;ilipfe at Cor. V. . . 

\. proceed now to the Confideration of the 

Law of the Centripetal Forces and Velocities 

of 



i 
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of Bodies, when thofe Forces are directed ta 

the foci of the Conick Sefiians. 
P R O B. IX. 

ABody revohm^ in an Ellipfi^ (FIG. XI.) 
V« required to fad the Law of the Centri- 
petal Force tending to the Focus. 

HERE the LineoU QR is fuppofed to be 
Parallel to Sp, To that (^x? is a Pa- 
rallelograin ; alfo the Lhiiola QJ is a Per- 
pendicular toSP, PF perpendicular to the Con- 
jugate DK i the Points S and H are the Fociy 
and all the reft as at Prob.Vl. before. It muft be 
prcmifed before we proceed to the Inveftiga- 
tionwith the admirable Author, that £P (cut 
off" by CD, the Conjugate to PG) is equal to 
AC, half the longer Axe. For drawing IH 
from the other Focm H parallel to DC, we 
have SC =CH from the Nature of the Foci. 
andES Ei, becaufeofthe Parallels EC and IH, 
Again, fince SP — IP-i-2EI, and confequcntly 
JPH-El (that is EP) =SP-EI i 'tis plain, that 

SP-EI-1-lP-hEl SPH-IP 
— r= — -— . But now, from 

Ceitwk SeBiem, the Angles HPZ, IPR, arc e- 
qual, and therefore their Alternates PHI, PIH 
are equal alfo (for IH parallel to DK, by the 
iS9prtfcir/i/, is parallel alfo ttt' the Tangent P2 
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at the Point P of the Diameter PC, Conjugate 
to DK.) Therefore P1=PH, and confequent- 



.,EP(=='^'')is=^-t!2Si, 



which (tro! 



Cm/iii Sciiioni) is equal to CA, which is half J 
the longer Axe of the Ellipfc. This piemifed 
we proceed to the Inveltigation of the Law , 
of the Centripetal force. ' \ 

The Triangles QT«, PFE arc lii41ilar(for thi 
Angles T and F are Right ones, and Angli * 
^— Angle E, becaufe of the Parallels (^rand 

DF) fo that QTli^^'i and ftom the 

limilar Triangles P.v*, PEC, 'tis QR (=Pa;) 

P»xPE P»XAC ^ , „ „. .^, r 

~ -- -,becaureEP=CA. Therefore 



P»XCA' 
PCl:CD'l::G«1xPt/l; 
_ G«xp» X GDI 



PC 



PC 



oy SiMttunm 7^^= — 

But, fi-om Conlck %cEiions. 
Qjfl, confeqnently Qjfl 



PC'l 



alTo 



when the Points P and Q.corae together, Qx= 
Oy, therefore inftead of Q^i, putting in this 
Value of Qyi in the foregoing Exprcffion, it 
PSlxG-»xPfXCDixPFixPC 



PsxCA'xPC'i 
SP^xzCPixpFl 



comes to this, ws,. • 

SP^xGi/XCpixPF' 

~ CA'XPC ~ CA' 

caafe when the Points P and Q, come together, 

G»=2PC. 



be- 
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Cv =. 2PC. Bat fi-om Cenish % CO, x BE. a 

2BC*i^CA^, therefore thQjExprcfl[ion cpiQCs to 

'. . 'sPqxiBaxCM'sP^xiBC^ 
jthisjwx*. - 



■»«i*i 



zBCi, 



CA 



=SP<ixL 



(becaufe L = 7;^) fo that the Centripetal 

IForce, .which comes to this Expreffion SP^xL, 
dividing by L, a ftanding Qjiantity, being the 
Barometer Qf the Axe) i$ reciprocally as SP? 
that is^ as the. Sqaare of th^ Diltancf ftoixs^ 
the tocHt. QsE* J* 



Fig. 16, 
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pj 
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.• p^b si' nc' 

Bpily r'evohfBg Jit m HfperboUj "'tis re- 
t^air'd. to fnd the Law of the Cejitripetai 
" ■■ Toree tending to the Focus. 

HERE AC and CB (f/G. XVI.) be the 
Semiaxes, PG, KD Two Diameters coa- 
jggate to each ol^er. Of and PF Pcrpendecu- 
lars to thole Diameters refpeflively, Qv an 
■Ordinate to PG- The Points S and H are the 
Foci, and from S is drawn SP, cutting the 
Diameter DK iq E, and the Ordinate Qv in 
*, and the Figure QRPx is fuppofed to be a 
feraiieiogram. Ail the reft as before in the 
Eni];>re, and other Figures drawn for the fame 
Purpofc. Now, it mufi: be premifed here 
alfo, that the Line EP (cut off by KD, the 
Conjugate to PG) is = AC, the Semi-iraofverfe 
Axe: Fordrawing HI from the other f orja H, 
parallel to DC, we have SC=CH from the Na- 
ture of the Feci; alfo ES is EI, becaufeofthe 
Parallels EC aud IH. Farther, fince 2EI =, 
SP-l-IP, andEI-SP (=EP) = ip-EIi 'tis evi- 

IP-EH-Ei-SP IP-SP. 
dent, that EP is = = — ■£— 

But now, from Cotiick Seltions J the Angles IPZ 

and HPR arc equal, and coafequently their 

' Alternates HIP, IHP are equal alfo (for IH pa- 

raUel 
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rallel to the Diameter DK, by the Hyfothefis^ 
is parallel alfo to the JangMt P2 ar the P 
of the Diameter PC, Conjugate to DK.) 

Therefore PH i; PI, and fo EPi:^^~?i is = 

' :; — , which (from Qmci £^;^/),is ippwn 

to be equal to GA, which is the Semi-yanf* 
verfc Axe. This prcmifed^ ill thcSte||6 j>f 
the following Procefs are (b perfcdly" ffic 
lame with tkefc in the Eflipfc, hotli as tp 
tlie Subftitutlpns, and the Order and Depen^ 
pendance pf one Step upon knother^ thdt I 
aeed not make the tedious Repetition, but leave 
the imduftuous Reader to draw it put him- 
fcif, which he cannot mifs of doing, under- 
ftaading but the eafie Procefs in the forejgoing 
ProbUia. And the Conclufion here will be, as 
4|^ere, that tbe Centripetal Force is Recipro^ 
caUy, as SP^ that is the Square of the DUtance . 
from the Bcus. Qx£.I. 



Lb mm a« 




la the ParjhoUy any Vertex (or Point thre? 
which the Diameter pajfes) beisg given, to. 
fnd the Proportion the P Ammeter betong- 
ing t» that Vertex hears to the Difiame of 
the fame Vertex pom the Focus. 

LET (f/ff. XVII.) AO be the Axe of the 
Parabola, PO an Ordinate, S the ftfw, 
from which is drawn Sp to the Point P, and 
thro' the fame the Diameter YPG. Let PM 
touch the Curve at P, and AG be drawn pa- 
rallel to PM. 

Let AO=*. AG=J. SP=2.. PA-m. Parameter 
of the Axe = f. Parameter of the Diameter 
PG=P. TheFigureAMPGisaParallelograra, 
for PG is a Diameter, and therefore parallel 



r~ 



J 



to AO, and AG is, by the tiyfothejts^ paral- 
lel to PM. Therefore fiacc MA is = AO 
(from the Nature of the Parabola) PG, which 
is = MA (from Parallels) is alfo= AO j fo that 
pG=Ar i alfo PM (from Parallels) is = /. And 
becaufe 'tis a known Property of this Curve, 
that AS or m is = ; />, therefore SO = ^^.^^f. 
Now, from the Rcdiangular Triangle PMO 
we have j' =4^?' -|-;fy=4Ar* •'\yx=fxJijiQx AG is 
an Ordinate to the Diameter PG) from whence 
P=4Ar-l-p. Again, from the Rectangular Tri- 
angle SPQ,:: we have ^^^=yy -Y-'^K^lfx-^-— 

1)X I 

fp^.C, ^^^xx-^-^ff (putting in for jy its Va- 

idQpx) confequently Jt==A:^rJ f . But P was found 
=4i-l7, therefore P=4«.: Tljat is, the Para- 
meter belonging to Diemeter PG, is Quadru- 
ple of PS, the Diftance from the Vertex to 
the FocHs. Qi E. I. 

The Refult will be found the fame, if the 
Ordinate PO be taken on the other Side the 
JFeau S j fo that SO inftead of at — • p, becomes 
;p^x. 

C O R. 

It is plain, that PS is=:=MS, for each is 
=sA^+;/>•, and therefore alfo the Parameter? 
is Qjiadruple of MS. 

LiMMA 
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Lemma IL (Prob.) 

/* the foregoing Figure the Line SN being 
d Perpendicular from the Focus S to the 
Tdngent PMy ^tis required to find the Pro- 
portion of SP (the Diftancefrom the Focus 
to the Point of Contact P) to the Perpen- 
dicular SN. 



A 



L L the other Symbols Handing as before, 
. let SN=/ By the CoroUsry of the fore- 
going Lemma^ it appears, that PS=MS, from 
whence it follows that PN=MN, or PN=:iPM, 
-or PN^iz: i PM^i = j pxA'xx. Therefore from 
the Redangular Triangle SNP, we iiave /* — 

x'-\-^'^fp-^px-xx:^ipx-^r^fp. So 

that x-^\p:fi :/: i h ^^^^ is, /(the Perpen- 
dicular from the Fochs to the Tangent) is a 
mean Proprotional between the Quantities x-^-^ 
f and ^ pj that is between the Diilances of the 
Point of Contadj and of the principal Vertex: 
from the Fcau^ or in other Terms, that AS 
SN::SN:SP. Q:E.L 



CoK. 
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C O R. 

Hence becaufe of ^ />, or AS a (landing Quan- 
tity, A o^* SN^, is always as x^ p, or SP: 
That is, the Diftance from the Fochs PS Is ever 
as the Square of the Perpendicular from the 
Foctis to the Tangent. • 

P R O B, XI. 

A Body revolving in a Pdrdola^ ^tis recfnir'd 
to find the Lmofthe Ctntrifetd force tend- 
ing to the Focus. 

TH £ reft of the ConftruSion remaining as 
in the foregoing Lemma^ let QR be pa- 
rallel to 5P, QT perpendicular to the famt, 
Qy parallel to the Tangent PM, cutting SP in 
AT, and YPG in v. Before I proceed to the In- 
veftigation, 'tis jnieceflary to premife, that Pv 
isP;c, which is thusprov'd. The Angle PMS 
(;= MPY, as being Alternates) is = Angle Pv*^ 
becaufe of the Parallels MS and PQ ; alio 
the Angle v?x is = PSM, becaufe of Parsl'- 
lels. Therefore the Triangles MPS and 2iv 
are fimilar, and fo MS : SP : : Pa: : Pv ^ but by 
Cor. oi Lemma I. foregoing, PS is = MS ^ there- 
fore ?x-?v. This premifed, let the Parame- 
ter of the Diameter PG be call'd L. Thca 

(from 
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(from the Nature of the Parabola) LxPvzzQv"^ 
ri^SPxpv (becaufe L^4 SP, by Lemf^aliovc^ 
goiiig)z:4SPxP* (b€caufQ;Pv = P;^, as was. juft 
oow fljcwn) r= 4 SPxQR (becaufe the Figure 
QRPa: is a Parallelogram, by the Coaftruftion.) 
But whea the Points P and Q, come together, 
the Limola Qv will be coincident with or equal 
to Qx:, therefore in that Cafe Qx"^ fhall = 
4SP>^QR. Laftfy, Bccaftfc the Triangles Q^trT, 
SPN are fimilar ffor .the Angles QJ;^, aiwi 
SNP are Right ones, and QArT=rNPS from Pa, 
rail els (therefore Qx^ : QT<1 : : PSsi : SNs j but 
(by Lemma II. foregoing) 'tis PS : SN : : SjSI : 
AS, and confeqnently PS^: SN'ix^PS-t ASj 
therefore (by Equality of Proportiou) Qjrt : 
Qjq-.: PSt AS, and (multiplying PS and AS 
by 4 QR) 'tis Qx^ : QJs : : 4$P><QF. : 4 ASxQR. 
But Qy^=4PSxQLR j therefore QJ*i=4ASxQ^. 
Therefore fubftituting this Value of QJ^ in 

spq^cxn 

the general Exjprcffioa ^: ■ , it amounts to 

SP1H4AS, and 4 AS being = the Parameter of 
the Axe, and fo a ftaading Quantity, it comes 
td 9P1. So that the Centripetal Force is Reci- 
procally as SPq J that is, as the Square of the 
Diftance from the Focus. <i E. I. 



P 2^ Co- 



C 212 3 

I 

CoROLARiES^e^ the freceiing Pro- 
blems concerning the Law of the Centru 
fetal Force tending to the Foci df the 
Conick Seftions. 

C o R. I. 

It follows, that if a Body moves from any 
Place, as P> and is drawn by a Centripetal 
Force Reciprocally, proportional to the Square 
of the Diftance from the Center to which thofc 
Forces are directed ^ that then it moves in a 
Conich Seiiion^ whofe. Foctts is coincident with 
that Center, 



O R. 



II. 



And if the Velocity with which the Body 
goes out of the Place P be fuch, that while 
the Lirteola PR is defcribed by it, the Centripe- 
tal Force carries it thro' iKe LineoU QR in 
the fame Time, then it moves in a Conick 

SeElion^ whofe Parameter is = ^—-^ when the 

^^ 
Points P and Q, come together. 

And, with relped to the particular %e&iont^ 
from the Law found we may infer, 

COR* 

\ 




E D 
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Thatif TwoEllipfes,asFBA, lLCk(FJG. 18.) 
have their Vertex A, and one Focus (as the 
Point D) common to them both, that thep 
the Centripetal Force in C Ihall be to that in 
B (the FocHs D being the Center of the Forces^ 
as BDq : DC<1. For putting the Force in A=:F, 
that in C=/, that in B = ^i 'tis plain, that 
/ / F , f ADH . F BD4 
7=T^ ,~' b^^F = CD5'^°^7=AD^^''^'^^- 

fbr(f ^=QQ^» ^^^ fo/ : ^ : : BDn : CDS, 

That the Two EUipfes may be fuch as is re- 
quirM, the Lines FD, ED mult be in the du- 
plicate Ratio of the fliorter Axes, the Mention 
of which is fufficient. «< 

C OR. IV. 

In the Parabola, the Centripetal Forces are 
Reciprocally, as the Squares of the Parame- 
ter of the Axe encrcafed by Quadruple the 
Abfcifs (takea in the Axe) for any Point of 

P 3 tb? 
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the Curve. That is (in the Terms of Lemma I. 
foregoing) the Centripetal Forc,es are Recipro- 
cally as \6xX'-v%fx'^ff. Which Is manifeft, be-* 
caufe by the Law fonad, the Centi ipetal Force 
is Reciprocally as the Square of thc.Diftancc 
from the Focm\ but (oy the forementiond 
Lemma) the Expreflion of any Diftance ffom 
the FocHs is x^\'i f^ Therefore, &c. 

Tis alfo eqqally true, that the Centripetal 
Forces are Rejjfiprocally as the Squares of the 
parameters belonging to the federal Vertices, 
or Points where the Body is.- For thofc Para- 
meters are Quadruple the relpeSive Difta^ces 
from the Focus. 

S C H L. 

Th€ Law of the Centripetal Force tending 
to the FocHi of the Ellipfe being difcover'd, the 
Application may eaGly be made to the reft of 
the Conick SeHions without a particular Inve-r 
{ligation, as the celebrated Autl)or himfelf 
obfcrves. (See FIG. XI.) 

If the FocHs S of the Ellipfe to which th^ 
Centripetal Force tends, continues together 
with the Vertex B, while the other Fochs H 
removes to an infiaite Diftance, tho Ellipfe now 
is converted into a Parabola j but the Body, will 
ftill move into a Perimeter of this Curve, and 
the Law of the Centripetal Force tending to 

itbe 
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the Focm S continues what it was before, vi 
lUciprocally as th« Square of the Diftance 
from S. 

Suppofing all as before, if the Focus H moves 
backwards, fo as to come behind the Vertex 
B, both the Vertices A and B, lying now be- 
tween the Foci S and H, the Ellipfe becomes 
an Hyperbola, and the Body moving in the 
Perimeter of this Curve, the L^w of the Force 
tending to the Fpcw S continues the fame as 
at f^rlt. 

If the FocHs H and Vertex A be fuppofed 
fix'd, and S, to which the Forces tend, removes 
to an infinite Diftance, the Ellipfe is changed 
into a Parabola, and the Forces tending to a 
Point infinitely diftant arc all equal. 

Xhe Focus H and Vertex A continuing,' if 
the Focus S, to which the Forces tend, moves 
backwards, as in Cafe II. then we have an Hy- 
perbola again, in the Periphery of which the 
> Body fhall ftill move, but with a Centrifugal 
; Force (inftead of a Centri,peti»l) which Ihall be 
according .to the eftablifti'd L^w, Reciprocally 
^s the Square of the Diftance from S. 

If the Two Foci S, H come together, the 
Ellipfe becomes a- Qrcle, and the force tcnd^ 
iiig to the Center is equable. 

P4 If 
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If the Foci S, H coincide with the Vertices 
B, A, the EUipfe degenerates into a Right 
Linej in which Cafe there's no Centripetal 
Force tending to any Point without the Line 
itfelf. 

T H E O R* XI. 

Bodies revolving about a common Centex^ 
And the Centripetal Force being in a Re* 
cifrocd cUifUcate Ratio of the Oijlances 
from the Center ; then the Latera Re6^a 
of the Orbs dejcrib^d /ball be in the dupli- 
cate Ratio of the AreaV which the Bodies 
defcribe in the fame limey by Rajs drawn 
to th^t Center. 

• 

JTo R (by Cor. 11. of Prch.Xl) L:=^ j but 

QR in a given Time is as tlv Centripetal Force 
(by the Second Law of Motion) that is, as SPq 

Reciprocally (by Troh. IX.) Therefore -^ is 

asQJ^xSP^ that is, LisasQT^SP^i but the 
4rta is as ixxSP. Ergo^ &c. Q. E. D. 

C o K. 

Jh^ whole Areas of Ellipfes are in the 

KaJtio compounded of the » Rati^ of the Lasera 

Sellay ai^d the Ratio of the Pcriodick Times 

For 
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For thofc Area's are in the RatU compounded 
of the Ratio of the Portions dcfcribM in the 
fame Time, and that of the Periodick Times : 
Bot by this Prop, thofe Portions arc in thefubdu- 
plicate Ratio of the Latera ReRa. Therefore, C^c. 
And fince (by Prof. 191. of Gregory St. Fin- 
"cent) the Aretes of Ellipfes are as the Redan- 
glcs under their Axes, it^s certain, that thoft 

Redangles are alfb in the fame Ratio. 

* 

T H E O R. Xll. 

Sufpofing aU 04 before^ the Periodick Times it^ 
EUiffes are in the i (the Sefquiflicdte) Ratio 
of the Tranfverfe Axes. 

O R reafTuming the Symbols as in Theor. 8. 
we find that T: r:: Ax»:/«^Ni but 
A : 4 :: D^B : d>^b (by the foremcntion'd Theor. 
of St. Fincent^ therefore T: / : : D>^^n : dx^b>^\ll. 

But D I rf: : L* x B^ : /* k fc% from Conich j 

i. ■ 

aud« : 5^ :: i? : L*, by the foregoing Theorem.^ 

therefore T : t :; L^^B^xB x/* : /*xt*xfr>^ L'^ 

that is (dividing by L*^/*; T : n : B* : i» .The 
Periodic!^ Times in Ellipfes are in the Sefqui- 
p^icate Ratio of thf Tr^nfycrfe Axes. Q. E. p. 
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Cor. 

i 

The P^iodick Times in Ellipfes are the 
fame with thofe in Qrcles, whofe Diameters 
are equal to the longer Axes. Eor by the 
Ctonverfe of Cafe IV. from the Corollaries of 
TTifeor. III. this Proportion of the Squares of * 
the Times and the Cubes of the Rays belongs , 
to Circles, when the Law of the Centripe- 
tal] Force ifc the iame that 'tis here, viz,. 
Reciprocally as the Square of the Diflance 

from the Center to which the Farces are di* 

Tcfted. 

T H E O R, XIIL 

The Centrifetal Fore^e tending to the Focus^ 
^ before ; PR being tL Tdngent it P, the 
PUce (f the Body^ snd ST d PerfenMcular 
from the Focus to itj the Velocity of the 

BodyinPfbd be in the \ Ratio of ^^ 

Reciprocaay. (Sjee FIG. XL) 

FOR the Velocity is as the little Ark PQ 
defcrit?d in a given Time-, that is, as the 
Tangent PR, or becaufe of Parallels, as Qx- 
But, from fimilar Triangles, QJx^ SYP, Qx 

or 
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or PR = ^^^ i therefore PQ, is as SY Red- 

procafly, and SPxQT direaiy •, that is, as SY 
Reciprocally, and the Area defcrib'd in a given 
l^iwc din^aiy ; h^t^b^ Theor. XI.) SP^lxQJ^ 

L* 

is as L, therefore PQ. is as ^r-, that is, in the 

i Ratio of Y Reciprocally. Q. E. D. 

In order to the Jnveftigation of the many 
noble Ci>r#//^r/^/ that follow from this TAepmii, 
let thefe perpetual Symbols ftaad. 

SP (the Diftancc from the Fochs to any Point 
in the Curve - 2:. SY (the Perpendicular from 
the F9CH$ to the Tangent at the fame Point) =iy. 
The Velocity in a Conick SeElion at the Diftancc 
z., put = V. The velocity in a Circle at the 
fame Diftance z.^ put = W. The Velocity in 
a Circle (whofe Radim is equa> to any other 
Diftance, whether greater or lefs than a:) put 
f:: w. The longer Axe of any Ellipft put 
= 2B, the fliorter — 2D, the Parameter = L i 
and this Symbol L I ufe alfo for the Parameter 
of any Conick Sellim in general, as the Qccfi- 
fion requires. 



Nov? 
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Now then, the Expreffion of the Velocity in ^ 
Oiiick SeSim (at any Diftance as ;l) is — * ; that 

y 

is, V is ever as — . Like wife the Exprcfr 
lion of the Velocity in a Circle at the Di-? 

ftance x. wou'd be ~. For the Radins be- 

ing = ^, then L in the Circle is = iz.^ or the 
Diameter j and y the Perpendicular from the 
focHs to the Tangent, being in the Circle = 
thtRaMns^ that is =;c: Hence in the Terms 

of the Circle — is -5^ — , or y. =-i— 

So that then W is as the Expreffion ^, or \/-^ 
Now for the CorolUries thcmfelves. 

Cor. L 

Bccaufe V is as — , therefore L* is as Vy, 

and L is as Vy . That is, the Parameters of 
the Orbs are in the Ratio compounded of the 
duplicate Ratio of the Velocities, and the du- 
plicate Ratio of the Perpendiculars from the 
FocHs to the Tangents. 



Go it. 
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C o K« IL 

When the Quantity y (in the Expreffion of 
the Velocity) becomes coincident with the 
greatelt or lead Diftance from the Focus \ 'tis 
manifelt then, that in thofe Points of greatelt 
or ieaft Diftance, the Velocities are as thofe 
Diftances inverfly, and the fquare Roots of 
the Parameters diredly. 

Cor. hi. 

BecaufeVisas — ^ and Was—,-, therefore 

y^ ^i ' 

\i y-zix. (which cannot be but when z. denotes 
the greatelt or lealt Diltance) then the Expref- 

fions arc — , and -^ j which (multiplying both 

by ;?: ) comes to L^> and \/2x;cv or \/l, and 

\l%z. i fo that V : W :? V^L : sfTz.. That is, 
the Velocity in a Conick SeRion^ at the great- 
elt or lealt Diltance from the Fochs^ is to the 
Velocity in a Circle at the fame Diltance, in 
the fubduplicate Rath of the Parameter to that 
Diftance doubled. 
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Cor. IV. 

Let jr zz D the fhorter Scmiaxe of an Ellipfe^ 
then the Exiwreflion of the Velocity for an EUipfe 
at the Extreaity of the fhorter Axe, thacii^ 4t 

the mean Diltance from the Fochs^ is z--:Li— : 
t!^' =-^. And the Exprcfliaa for the Qr- 
cie (being in general -^) comes (if z, bcput=i 

B) to ^ . So that in this Cafe V is=:W^ fincc 

the Values of both are the lame. That is, 
the Velocities of Bodies (revolving in Ettipfes) 
at the mean Diftances from the common Focm^ 
are equal to the Velocities in Circles at the f^qi? 
Diftances. 

C o R. V. 



Since V is always as -, ^Qrefore wh^tfi,}^ 

continues ftill the feme, V is 4s — . That f f , 

in the fame, or equal Figures, or in unequal 
Figures whofe Parameters are equal, the Velo- 
city is Reciprocally as the Perpendicular from 
theAc^ to the Tangent, 

Cor, 
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C o R. VI. 

The ExpreUion — , in the Parabola comes to 

y 

Li 

-^, becaufc (by Cor. to Lmww IL forgoing) the 

Perpendicular from the Focm to the Tangent^ 
viz.. y is ever in the fubduplicate Ratio of x.^ the 
Diltance from the Focus to the Pomt of Coii^ 
tad. Or becaufe in fpeaking of one and the 
iame Figure, L' is a ftanding Qpantity, there- 
fore V is ever as — u That is, in the Parabola 

the Velocities are in the fubduplicate Ratio ^ 
the Diftances from the Fochs Reciprocally. In 
the Hyperbola tixy will be in more than this 
Ratio^ and in the Ellipfe in Icfs , the Reafon 
of whidi is the different Proportion of the 
Perpendiculars to the Diftances in thofe 
Curves. 

Cor. VIL 

*■ • 

The ExprefEdn for any Conicl ScElionwm'j^ 
-^. and that fof;^ a Circle (whofe Radius is 

y 



)/j. 



n z.) being jLt -, *tis plain then (whatever Di- 

ftuce ^ rcprefents, whether equal to that in 

the 
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the Conick SeSliorty or greater or Icfs than it) 
that the Velocities are as — • r, that is, as 

l}^z} : S/i><y^ dr as \/LxI : VTy}, tJiatis, 

zs\/\L>^z.: y. Now v;Lx;z:is a mean Pro- 
portional between ; the Parameter of the Co^ 
nick Section^ and z. the Radim or Diitance in 
the Qrcle. So that this general Conclufion is 
to be inferr'd, that the Velocity in a Conick 
SeRim at any Diftance from the Fochs^ is to thef 
Velocity in a Circle at any ether Diftance (or 
wboTe Radifis is = to any other Diftance from 
the Focus) as a ihean Proportional between that 
^her Diftance or Radius^ and half the Parame- 
ter, is to a Perpendicular drawn from the 
Focm to the Tangent at the Point of Diftance in 
the Conick SeBion. That is, & being the Di^ 
ftance in (or Radius of) a Circle, in which the- 
Velocity is exprefs'd by tp, and V being tijp 
Velocity in a Conick Section at any Diftance^ 
equal or unequal to the former j the Conclu- 
fion in our Symbols ftands thus,V : w : : \/[Lkz. : 
y. Now, from this general ^Conclufion, all 
that relates to the Proportion of the Veloci- 
ties in Conick Seilions and Circles, may eafily 
and naturally be inferred. 
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As, 1. If z^ or the S^<^f;« of the Circle, be 
equal to the Diftaacc (from the focus) in the 
Cemck StBion \ then it follows, that the Veloci- 
ty in a Comch SeUion is to the Velocity in a Cir- 
cle at xhtfamt Diftauce^ as 3 meaa Proportional 
between that ftime Dlftaace (or Radim) and \ 
the Parameter, to a Perpendicular from the 
Focw, to the Tangent at the Point of Diftaacc 
in the Couick SeBion. This holds in all the Conick 
Seliion). But the reft that follow, all except one, 
referring particularly to the Parabola, I note 
here, that in this Curve the Expreffion of the 
Diftance from the Bcm to any Point in the 
Curve is = i L-Kv (_x being the correfpondeot 
Abfcifs as alfo, that the Qpaatity ^, the Per- 
peadicular from the Focw to the Tangent ac any 

Point, is Vj'^LM-jL-r; both which arc plain 
from the CalculM in the 2d Lemma to Prok XI. 
Therefore to proceed, 

2. In the Parabola, if we put ~ = ^ L-^-a: ; 
then Li = ? V-yhx ; but yy = IV -hi Ur, 
therefore in this Cafe Lz.=.^yy^ and J hz. :yy : : 
a: I, aad\/iLx.: >■:: V^: 1) orV : ip:: 1/2: 
I. That is, the Velocity in a Parabola at any 
Diftance from the Focut, is to the Velocity in a 
Circle at the fime Difiance^ as \/2 ; i . Note^ 
I fay, at the fame Difianct in the Parabola 
for here iL-|-*is put =to a, the RaSm of 
the Orde. 
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3. If in the Parabola we put;!:=j^=i L : Then 

^FlI : jf : : \|^ : i, and confequcntly V : jp : : 
yz: I, in this Cafe alfo. That is, the Velo- 
city in a Parabola at the UaSl Difiance fi om the 
FocHs is to the Velocity in a Circle at the/iwr 
Difianccy as ^^2 : i. Note again here, I fay, 
the leafi Di fiance j becaufe 'tis put z= to ^ of the 
Parameter, or becanfe the Diftance is fuppofcd 
to be coincident with the Perpendicular from 
the Foctu to the Tangent, which cannot be but 
when His the leaft. Alfo z.^ the Radins of the 
Circle, is here fuppofed equal to the Diftance 
in the Seilhn. 

- 4, In any ConiekSeUiony if we put z^^\hi 

Then V*L^ = * L j confequcntly \/iLz^ ly : : 
i L : >', ovViwiiiLiy. That is, the Veloci- 
ty any where in a Comck SelHo^y is to the Velo- 
city in a Circle at the Diftance of i the Para- 
meter, as f the Parameter is to a Perpendicu- 
lar fro^fi the FocM to the Tangent at the Point of 
Diftance in the Con! ck SeBion. This is gene- 
ral for all the Ccmck SeRionsy there being no- 
thing fuppofed in the Calculm that does reftrain 
or limit the Property to any one Particular. 

5. Ifin the Parabola we fuppofex=§L-Hijir, 
Then L^= \ L'-j-^Lv, and confequently * \jl^ 

^V^^iLxy which is^j^ (as we hinted before.) 

Therefore y/Kx. = >, and therefore^ V. =; w. 
That is, the Velocity in a P^jrabola.ls ev^y 
where equal to the Velocity in a Cir'clcat ijjJl^ 

Di- 
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Diftance, or in a Circle whole Radins is t the 
Diftance from the Focus^ in the Parabola. Note, 
I fay, whofe Radius is=:to\ the Diftance in the Pa- 
rnii?/^; for th.e Diftance being univerfally expref- 
fed by % L+a:, I here put the Radlns z.r^t LH-Jat. 

And univeriaily, if \ye we make ^: — V-x:; 

4 

n : I, and fo z. = "l-^nx. Then will v/lu=; 

4 

. /nU . nhx 

V -g~ ^r "T" ' ^^^ confequently univerfally V:ip ; : 

^^%_^k^ : J,. That is, the Velocity in the 

04 
Parabola will be to the Velocity in a Circle 
(whofe RkdiM is n times the Diftaqce in th» 

VnU nLx 
~g '"r — : y. From whence 

particular Cafes may be deduced at Pleafure. 
And thus much for this admirable Theorem 

* 

relating to the Velocities of Bodies, togethei* 
w i t h i ts Corollaries. 

P K a B. xn. 

Anjf Point being taken at Liberty in the Axe, of 
an Ellipfe^ ^tis required tofndthe Law of the 
Centripetal Force tending to the fame. [SeQ 
FIG. XIX. after the Preface.) 

LE T the Points s. s. be taken of either Side 
I the Faci«/ of the EUipfe, which I mak^tp 
be S, Thw let the Line jP be d ra wn, and Q.T 

0,2 V-V 
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let fall Perpendicular to it, and Qx paraUel to 

th? Tangent PR, interfering jP in the Points. 

L^ftly^ Let QR be parallel to s P, and the Inter- 

f<jdion of s P With the Conjugate DC, be in 

tlie Point O. This being fuppofed with all the 
reft, asat Prok IX. we have here the Triangles 

QTx and PPO, fimilar to one another, as there 

the Triangles QJa: and FPE were fimilar. So the 

Qjq is == -p~. But the laft Ratio oiQx to 

the Ordinate Qy,is a Ratio of Equality ^ confe- 
quently infteadof Q^r^we may putQs'Vnd foQj'^ 

('by fubftituting the Value ofQz/^iz -— 

from Co»*ch) will z= ■■ p^^^jTp^ • Again, 

the Triangles ?;«/ and POC are fimilar ; there- 

iPqjX PO 

fore ?x= '^ ■ - i confequently QR, which 

is = P^ from Parallels, is to be exprefs'd 
by this Value. Therefore the Centripetal 

Force, which is Reciprocally as - ^^ • , is as 

^pqx pFqxp^x^GxCD^xt^C ^ ^ 
^P"^'PO^Vpcq • And putting 

BC^^CA^ (which isa ftanding Quantity) inftead 
of PFqxcbn, and inftead of tC putting 2PC j 

by due Reduftion the Expreffion comes to ^ 

which gives the Law of the Centripetal Force, 
vlx.. that 'tis Reciprocally, as the Sqoare of the 
DiHancc from the Point /, divid«d by the Cnbe 

of 
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of the Line PO, intercepted between the Tan- 
gen t PR and the Line DC, which is Conjugate 
to PC. From hence. 

Cor. J. 

If the Point s coincide with S, the Foctu of 
the EUipfe j then the Line PO will alfo be co- 
incident with PE, which is eqnal to AC, the 

jP^ 
Senii-tranfverfe Axe. And therefore p— will 

SPq 

in this Cafe come to — ^ j or becaufe of CA', a 

ftanding Qpantity, it will be reduced to SP. So 
that the L^w of the Centripetal Force tending 
to the Fo€w^ is this, that 'tis Reciprocally As 
the Square of the Diltance from the Focw. 

Cor. II. 

If the Point s coincide with C, the Centti: 
of the Ellipfe j then s P and PO alfo do both 
coincide with the Line PC, which is the Semir 
Diameter for the Point P. Therefore the Ex- 

^ ^Pi • ,_. ^ /- PC^ ,. 

preffion p^- comes in this Cafe to ^3, that 

is, to — :; . So that the Law of the Centripe- 

tal Force tending to the Center of the Ellipfe, 
is this, that 'tis diredly as the Diftance from 
the Center. And both thefe Laws are the fame 
with thofe found by particular Proccfles before. 

I 
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Incednotfay, that this done for the Ellipfe^ 
maycafily {jnut^tis mHtandis^ according to the 
Nature of the Curve) be applied to the Hyper- 
bola j fo that there's no Need of another Ope- 
ration for that. But becaufe the Application 
to the Parabola may not be quite fo obvious* 
I think it proper to do that by it felf. 

p R o B. xiir. 

Any Point being taken at Liberty in the Axe 
of A VAtahoh^ '^tis recfuir^d to find the Lapp 
of the Centripetal Force tending to that Point • 
(See FIG. XX. after the Preface.) 

LET the Point S be taken any where in the 
Axe AS i thro' which Point S let SO be 
drawn parallel to the Tangent PR, PO parallel 
to the Axe AS, and confequently a Diameter 
for the Point P. Qy an Ordinate to PO, and 
confequently parallel to PR, meeting alfoSP 
in AT, and PO in v. Lafily^ Let QR be parallel 
to SP, and the Lines QJand PF Perpendiculars 
from the Points d and P, to the Lines SP and 
SO. This prcmifed, the Triangles QJx and 

PSF arc fimilar. Therefore QJ = ^^^^^^^ 

But the laft Ratio of Qx to Qy (that is^ when 
the P and dcome together) is a Rath of Equa- 
lity i fo that then QJ^ =;: ^^^p^. And if 
L be the Parameter belonging to the Vertex 



r^T!^ 
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P, then h^Pv~Qv^, and fo Qy'i = l^^El^- 

But QK is = ?x (from Parallels) = ?^^ 

(from the firaiUr Triangles P^v and PSO.) 
„ , QJi UPFh -PO . - 
Therein i i -— ■= ^^^ — ; and confequeotly 

SPqxQTl 
— — ^ — (which is Reciprocally as theCentri- 

petal Force) is alfo as the Quantity — — ^ : 

And this is the Lawohbe Centripetal Force tend- 
ing to the Point S taken any where in the Axe. J 

Cor.. 

Therefore if the Point S coincide with tfej 
Fociuof the Parabola, PS will ber^PO ; fori] 
that Cafe PS will = SG from the Nature of thi. 
Parabola, but SG is =: PO from Parallels, there- 
Lx PP! >i PQl 
fore PS=PG. So that the Expreflion - — -^^- 

comes in this Cafe to LxPF'i. But SL being a Per- 
pendicular from the focaj to the Tangent, PFis 
equal to it, from Parallels ; and therefore PFi is 
ever as SP, from the Nature of a Parabola. So 
thatLxPFqisftill asL^SP. But alfo from the 
Nature of the Parabola, L is = 4 SP i therefore 
ViSP is ever as SPi. So that the Centripetal 
Force (tending to the Feau) is ever as the Square 
ofthe Diftancefirom it, Reciprocally. 

I am aware that that tbere may be more ge- 
neral Inveftigationsof theLawsofthe Centripe- 
tal Force than thefc, aiid I am acquainted with 
fome of them ^ but what I have here laid is fuf- 
ficieat for my Purpofe. 

FINIS. 



